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Workshop Receipts. 


The Rainwater 
Separator. 

When collecting rainwater, as it falls^, 
either for domesLic use or any other 
purjKise, the only practiciible means 
of ohtiiining a useful (juaiitity is by 
taking that which falls on roofs or 
sirniliir large waterproof areas. As the 
avenigc annual rainfall in m(»st places 
in England is 25 in., and each inch 
represents half a gal., it will be seen 
that a roof having 2000 S(|. ft. (in 
plan) will have no less than 25,000 gal. 
fall ujKm it in a year. If, for reasons 
alKJut to be explained, one half of tliis 
goes to waste, there remains 12,500 
gal., which is an abundant quantity 
for all the purposes for which rain- 
water is usually roiiuire^. 

The reason for caljjulating that only 
half the a<9tual rainfall is available 
for use is that there occur losses by 
absorption and evaporation, also by 
numeroui light showers that yield 
nothing, or next to nothing, in the 
down-pipes ; and, lastly, the foci that 
the first water — the washings of the 
roofs and gutters — should always lie 
run to waste. A roof and its parts, 
especially when several days elapse i 
between showers, liecome soiled l>y 
birds, while the gutters liave a collec- 
tion of insects and debris. This is 
undesirable matter to send, into the 
rainwater tub or tank, and the purpose 
of the rainwater “ separator ” is to 
deal with this. The appliance is not 
a filter ; it is a device by which the 
rain coming from the roof for aliout 
the first three to fi^ minutes ds run { 


, to wjiste, then its pasHJige is automatic- 
ally <livertcd to line stoi’ago lank. 

Fig. 1 is an arrangement which 
cjin l»e made by anyone, and the whole 
of the operating^pirts are supposed to 
l>e .against a wail. As indicated by 
the .M)lid (unbroken) lines it may 1 k 3 
su|>poBed that the rainfall has .iust 



commenced, and the first water from 
I the gutter is coming down the down- 
I pipe shown into the j)ail. The pail is 
hung upon the end of the lower hori- 
zontal level shown, and as soon as the 
pail is full enough its weight will carry 
the end of the lever down, and this 
will act uiK>n the rods above to make 
the down -pipe swing over, as shown by 
broken line. This piece of down-pifje 
must be free to nsjve, us shown, and 
this is Best' arranged by nailing it by 
I one ear only, the right-haudT e^. 
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The Eatnwater Separator.- 


The- jHiil miuiroH to have a wnall 
hole in it near the hottom, little more 
than a pin hole, so that it will emjity 
itself and then rise and straighten the 
down-pipe r'eiuly for the next shower. 
Tt does not niattei- if the piil is a long 
lime emptying itself, for si lonld another 
shower come befor.e the pail has risen 



PUM 
Fig. 2. 


it would not matter, as a roof, once 
washed, may be reckoned to remain 
clean for several hours. The pail may 
empty itself into a gully, or hito a 
large flower-pot sunk into the p'ound, 
or on to the gi'ound, if the jwsition is 
not an important one. The counter- 
balance weight uin be of metal, or a 
stone, fr a piint-oiu (with cover) 
^ti^illy filled with gravel. 


• Figs. 2 and i 3 illustnite Rol)ert’B 
rain-water seprirator (naide in vertical 
form, as shown ^ or horizontal).* These 
illustrations show the sejjarator with 
the front plates removed. 

Fig. 2 shows it in the position that 
it retains when running foul water into 
the waste pipe during the first part of 



Fig. 3. 


a shower, while the roof is yet dirty. 
Fig. 3 represents it when it has canted, 
and h.'iB Ixjgun to run pure water into 
the storage tank, after the roof has 
^l)ecome clean. The cliange of position 
‘isetlected by the gradual accumulation 

* H. T. Rogers^ Sbottei Mill, Haslemcre. 


•The Rainwater If^BPARATOR. 


of a small portion of* the water in the 
chamber J of the canter ; when the 
water reaches a certain height, it makes 
the left side heavier than tlie right, 
and the canter turns a little on tlie 
pivot M tliat supports it, so that the 
water is delivered two inches further 
to the right than it was Ixjfore ; and 
whcreiis it at first nin through N into 
the waste jiipe, it now funs through 0 
into the storage tank. 

In Figs. 2 and 3, AA are strainers 
removable for washing. B is a re- 
movable slide, with two small liolcs to 
regulate the How of sufficient water to 
work tlie canter. (1 is a sluice to Ini 
adjusted t<j the areji of the roof. D 
is the outlet for siirjilus water. In 
moderately heavy rain the main volume 
of the water Hows tlmmgh tliis spout 
D into the delivery pijie IC, running 
round the right hand of the cmitei* ; 
a small proportion only jiasses through 
the strainer and out of the small holes 
B into the funnel F tliat terminates 
in the small hole 0. 

In a very slight min the whole of 
the water pisses thi’ough tlie strainers 
and the liole at B into F, and when it 
is not enough to ellectually wash the 
roof it all osciiiies through 0 without 
making the canter move. When there 
is more rain tlian can jliss through the 
hole G, it i^ses iii h^and L, anil a hinall 
quantity runs over the siile of the 
funnel, slowly filling the chamlxir J. 
When .1 is filled to a certain heiglit, 
it ovcr-oalances the cjiiiter, and makes 
the water run to stonige through 0, 
as sliown in Fig. 3. This cliangc in 
position causes the water from B to 
run into T, and co<ise to run into F. 
As the water sinks in F it also sinks 
in L, causing the siphon K to act and 
empty the chambcT J. Meanwliile 
the little chamber W is partially filleil 
by water running through T, V, W 
and Z, and its weight prevents the 
separator from recanting until the 
water ceases to run from the roof. 

As soon as W is empty, the canter 
rights itself, reaily for the next rain- 
fall, the riglit-haiid side of the, canter 
being heavier tha^i <liie left when it is 


I empty. By means of the joijit action 
of the sluice 0 and the holes at B and 
. Q, the flow of water in the working 
1 part of the sepirator iy so regulated 
I that the cliamber J is filled to the 
* canting jioint as soon as a cerbvin quan- 
tity of rain (a gallon,* more or less, on 
each 100 sq. ft.mf nsif) has fallen, 
either (juickly or slowly. Three slides, 
market! 1, IJ, ami 2, are ?ent with 
each sejiaratf)!' ; if the destination of 
tlie sejKirator is not known, the slide 
marked is usually put into its place 
at B, tind f.he other two kept under 
the lid at the top. The one marked 
1 , intemied for# use in the country, 
allows alsmt one gallon ; and the one 
marked 2, for city use, allows about 
j two gallons for wasliing eacli 100 sq. 
ft. of roof. 


->e3ica<- 
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RAZ()Jt Paste — Rbfrkieratton. c 


Razor Paste. 

Razor Paste. — (1) Mix line emery ! 
intimately with fat and wax until the 
proper eoiusistence is obtained in the 
paste, and then* rub it well into the 
leather strap. ^ TVebare the emery by | 
poundinij^ thoroughly in a mortar the 
coarse kind, throwing it into a largo 
jug of water, and stirring well. Irn- ' 
mediately the large |)articles have 
sunk, pour oil’ into a shallow plate rn* 
basin, and let the water evaywatc. j 
This emery i.s better for engraving and 
other purp)ses than “that prepared at | 
the emery mills. i 

(2) Levigated oxide of tin (prepared 
putty powder), 1 oz. ; powdered oxalic ! 
acid, I oz. ; powdered gum, 20 gr. ; i 
make into a stiff paste with water, and J 
evenly and thinly sjircad it over the 
strop. With very little friction, this 
paste gives a fine edge to the razor, I 
and its efficiency is still furtlier in- 
creased by moistening it. 

(3) Emory reduced to an impalpable 
powder, 2 ])arts ; spermaceti ointment, 

1 part ; mix together, and rub it over 
the j#trop. 

(4) Jewellers’ rouge, black-lead, and 
suet, ecjual pirts ; mix. 

(5) Flour emery, 2 oz. ; neat’sfoot 
oil, 2 oz. ; glycerine, 2 dr. Tho- 
roughly rub together and jiack inttj 
small Imixcs or tubes. It will keep a 
year. 

(()) Diamond razor paste * billow, 
'2 oz. ; yietrolcum jolly, f) oA ; coke, 
ground to flour, 2 oz. Hub into a 
paste and till into tubes. 


Refrigeration. 

(Sec (dsn Drying and Desiccating, 
FnicEziNG Mixtures, ftnrf Preserv- 
ing AND Protecting Foods, Etc.) 

The modern develojiment of the an- 
hydrous ammonia process (described 
below) has so completely simplified the 
industrial ai)j)licjttion of cold, that all 
older y)rocesseN, such as \Vere fully de- 
.scribed in previous editions of “ Work- 
sliop Receipts,” are now of very little 
interest, since wherever power is ob- 
tainable, com})act and inexpensive 
jdants are in service, Ciirrying out 
such work with a minimum of atten- 
tion and at a very small cost, and ful- 
filling the retjuirenients of the very 
smallest shoj)s or industries. 

There still remain, however, in use 
such methods are described below 
for cooling and clearing the air, required 
in large buildings where ventilation is 
carried out by mechanical means. 

Air Cooling Processes.— Fig. 
4 shows what may l)e considered the 
latest j)ractice adopted in cooling air 
by water, when as is the case in towns 
it is desired to filter the air at the 
same time. A suitable cellar or 
chamlier is cHbseu for the outer air to 
first enter, the «air con^g through 
either simple holes or grated openings. 
It is import-ant to see tliat this air pro- 
ceeds from a sweet source, as the cooling 
or filtering process will n8t remove 
odours. It would not do, for instance, 
to have the supply of outer air come 
from a stable yard. Across the cellar 
near the middle, either direct across or 
at an angle, as may be best suited (the 
sketch shows the latter) is erected a 
coke screen as shown. Tliis reaches 
the side walls, the floor and ceiling, so 
that no air can pass around it. There 
is from 8 in. to 12 in. thickness of 
coke, this being held by wire netting 
or lattice on each side. The coke 
is broken to 1 in. size and well washed 
t)eforo being filled in. At the top of 
this §creen a space is left clear of coke 
and here are riTn two or three hori- 
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Refrioeration : Air Coolinp; Processes. 


zontel pi[je8 picrcod Vith siuall holes ; 
and at one end, these pij»es are joined 
to a cold water service (preferably a 
main service as having the coldest 
water in it) this service having a stop 
or control valve in it to regulato the 
quantity of water falling mi to and 
jiercolating through the coke. At the 
base of the screen is made or cut a 
clianncl to take away the wasto water. 
A side or cross section is as Fig. f), 


this case, jirovides or makes - u]> the 
humiility that the air, after being 
heated, is hi need of. 

2. liy ErdporatUm of Liquids. ~{a) 
The evaporation and rp-condensiition of 
a liquid may be utilized in two ways 
for the production of i^itld. Typical of 
the first, method is the well-known 
lalKimtory animoniaapparatus of C!arr(?. 
This consists of two vessels, #hich may 
be called a and cajmble of resisting 



and it will be noticed that where the 
water-pipes are, at topf the screen has i 
solid sides^ the netting commencing | 
lielow this point. This is done to 
prevent air passing through almve the 
coke. ^ 

Tliere is not the least doubt that a 
screen constructed on this principle is 
more effective as a cooling agent, and 
offers loss resistance to the air, than a 
wet woven frabric ; wliile the constant 
flow of water makes the screen self- 
cleansing. 

Means adopted to induce the air 
movement are scarcely within the 
province of this article, but it may be 
stated that they are two, viz. a current 
induced by heated chimneys or ducts, 
or a current induced by a mechanically 
driven air propeller. It may also be 
aflded that this form of screen is used 
when buildings are warmed by. heated 
air. The screen ^tirs the air, and, in 


consijierable pressure, and joined by a 
pipe. The first step in the process is 
the preparation of liquid ammonia. 
Vessel a contains a solution of ammonia 
in water, and is artificially heated ; b 
is kept ct)ol, and the air is effectually 
excluded, if there be any leakage, by a 
water jacket, and in it the ammonja 
condenses under the pressure caused 
by the heat of a. When sufficient 
ammonia is condensed, a is transferred 
to a vessel of cold water ; the ammonia 
vapour is rapidly absorbed by the cold 
water within the vessel a. Under the 
reduced pressure in b, the ammonia 
boils, absorbing much heat and pro- 
ducing considerable cold. The second 
meth^ is the exact converse of the 
condensing steam-engine. In the 
steam-engine, water is converted into 
steam .in. a vessel at a high tempera- 
ture ; it expands in the cyl^der of the 
' engine, losing a portion of its htot^ 
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wliich bficomcs UHeful inoclianical 
work ; it thou pfWHOs toa Hccond vcNHel 
maiiitained at a lower temperature and 
preBHure, in which it is condensed, 
giving up the* bdance of the heat it 
absorbed in th(i boil(ir. Imagine, the 
water replaced by other, the tempera- 
ture of boiler and condenser appropri- 
ately lower, and the direction of 
rotation cA the engine reversed by the 
application of external power, so that, 
in fact, it becomes a pump. The ether 
evaporates in the condenser, alworbing 
heat and causing cold ; the ether 
steam passes to the pump, where it is 
compressed, converting mechanical 
power into heat, and, under the pres- 
sure exerted, it is condensed and 
forced at a higher temperature and 
pressure into the vessel corresponding 
with the steam boiler, where it gives 
up its heat as may be arranged. Upon 
the choice of the liquid used will 
depend the pressure and temperatures 
in the two vessids or chamljers. At 
32'^ F. (0° C.), the tension of water 
vapour is 4 • 6 vim. mercury ; of ether, 
183*3 ; of sulphurous anhydride, 
1166*1 ; of ammonia, 31 62 * 9. To pro- 
duce 1 litre (If pints) of water vapour 
at 32?’F. (0° 0.), retjuire 0 0029 units 
of heat, the unit l^ing the heat re- 
quired to raise 1 kHo. (2*2 lb.) of 
water 1° C. ; to produce 1 litre of 
ether vapour at the same temperature 
requires 0*073 units. At 32'^ F. 
(0*^ C.), each stroke of a pump will 
abstract by ether vapour nearly 30 
times as much heat as by water vapour. 
A glance at these figures shows an 
obvious advantage in using liquids 
having low boiling-points ; a pump of 
small capacity will remove a large 
quantity of he&t, but all such sub- 
stances are too costly to be wasted, 
and are offensive if any of the vapour 
escapes. Water presents obvious ad- 
vantages, in the fact that we need not 
care what becomes of the vapour when 
condensed. But the use of water 
demands the power to produce and 
maintain a near approach to. a perfect 
vacuum ; »the ^rometric pressure 
mu^ be reduced from the normal of 


alnnit 760 of mercury, to less 
tliaii 4, and for every unit of hejit re- 
move<l, at least *350 litres of vapour 
must be withdrawn and condensed. 
Water may l>e used in either of the 
metho<ls already mentioned. It may 
lie used in a manner exactly corre- 
s|X)nding with (yarre’s ammonia appar- 
atus, the water hiking the place of the 
ammonia, and some hygroscopic sub- 
stance, such as sulphuric acid, taking 
the place of the water, the pressures 
of course being always very much lower. 
Or if we can find a sufficiently perfect 
pump to produce and maintain a 
vacuum of less f-han 4 mm. of mercury, 
we may realise the pree.ise reversal of 
the condensing steam-engine ; but to 
produce any (juantity of ice, the pump 
must not only be very perfect, but 
have a good caisicity. A combination 
of the two methods answers Ijest. 
(Dr. Hopkinson.) 

Anhydrous Ammonia Prin- 
ciple. — Ttis claimed that some ninety 
j>er cent, of the practical and large 
freezing plants now in use are worked 
on this principle. TJie refrigerant 
po.sse.sses the important advantages of 
a low liquefying pressure and a high 
critical temj)eratutc, this latter pro- 
perty cnahling it to be employ od in hot 
climates where Yhe tempemture of the 
cooling water is mefre or lesft high. 

A firm making a speciality of the 
complete apparatus recjuirecl in this 
work is the Pulsometer Enmneering 
Co. Ltd. of Reading and London, and 
the following matter is extracted from 
a very useful publication that can be 
hi«l from them. 

The appiratus employed is that re- 
quired in what is known as the am- 
monia-compression i)rinciple. The 
chemical used is pure anhydrous am- 
monia (NHj) — not Aejua Ammonia — 
which can he purchiisod in almost 
every part of the world. The use of 
this agent makes the apparatus easy 
to luuidle, wliile only requiring a 
moderate working pressure ; and by 
using specially constructed fittings 
there is. hardly any loss of ammonia. 

The action of 4h^ machine is as 
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followH. — If Hcjuid anhydrous atn- 
nionia, uiidor preHsure, hu allowed to 
expand into a vessel (tke rofriserator) 
the liquid becomes a ^as and the pres- 
sure falls. This action produces in- 
tense cold, which may lx‘ used cither 
for refrigerating or ice-making. If 
the ammonia ^s l)e then compressed, 
and the heat, wliich is f^iven oil* re- 


water coolinf;, or tJu'y may be placed 
direct in a room to cool the air. 

Fijif. () will give a general idea of t he 
jwtion of the niiichine, aiyl it will be 
seen that the system is simple and 
free from compli(!ations. 

Before deeidiiig on ‘a plant, it is 
first necessary to •determine the re- 
quirements, and to decide which of 
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moved by cooling it with water, it 
again Incomes a liquid, and the (q»er- 
ation continues as first descrilied. 
The machine for compressing the gas 
is called the conq)r-essor, Hie apparatus 
for cooling {jhe hot •ammonia gas is 
called the condenser, and the vessel 
in which the cold is produceil is called 
the refrii^erator. The intensity of 
the cold is controlled by varying the 
expansion by means of a cock between 
the condenser and the refrigerator. 

The compressing pump may be 
driven by any form of available motive 
power. 

The condenser is formed of lengths 
of wrough-iron tubing, and is placed 
either in a tank and cooled with water 
— when it is called a submerged con- 
denser — or it may liave water trickled 
over it, in which case it is called an 
evaporative condenser. 

The Refrigerator generally consists 
of wrought iron coils, and these are 
employed either submerged in brine 
(aa for ice-makin[^ %ir in water for 


the following operations will moot the 
case ;--Icc Making, Freezing, Chilling, 
Cold Storage of (foods, (Vild Storjige 
of Ice. Artificial ic(‘ can k* produced 
in a variety of sizes and of two classes 
— either crystal or o|)a(|ue.. One of 
the three following methods is usually 
lulopted : — 

Can Icc . — Opaque or Crystal. 

Cell Ice, — Crystal. 

Pla^ he. — Crystal. 

Gan Ice. — In this system (the 
cheajiest) the water to be frozen is 
placed in metal moulds, made either 
of galvanised iron or leaded iron — the 
latter lieing cheaper but not so durable. 
When ordinary water is frozen in these 
moulds the ice produced is- hard and 
opaque, but it is quite good enough 
where the ice is to lie used only for 
cooling, such as fish preserving, ice 
creams, and icc lioxes. Clear ice can 
.also be ijifwlc in cans. 

The sizes of blocks mam^factured 
in ice cans vary from 17 lb. to IjOO lb. 
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SkiiKliird .si/.oK, l-of'tiUior with the 
avoraf^etimt; t-Jikon to freeze one ]»lock, 
are ’{^iven in tiie following ftvlJe : — 


Weight of isizo of (’an 

length. 

Time of 

nuick. 

at To})^ 

Freezing 

li). 

in. 'in. 

ft. in. 

liuura. 

17 ' 

7 

2 6 

3 

.^)6 

7§x7^ 

S 7 

12 

.no 

22 x:^ 

2 f) 

12 

112 

22 x.n 

3 lOi 

21 

200 

22 x8 

3 lOi 

50 

224 

IS X9 

4 7 

60 


It will 1 h? seen from the above that 
the larger the Ijlock of ice required, 
the longer the time Uken in freezing ; 
and conHoquently the initial first cost 
of the ice tank will l»c greater. This 
should be remembered when deciding 
upon an installation. The smaller 
the size of block, the cheaper the 
plant. 

Vhav Can kc. - Cletir ice can be 
made in niouMs, I)}" either : (1) Agi- 
tating the water (not distilletl) during 
freezing ; (2) Using diatilhul water 
(made i>y comlensing the CKbaustatcam 
from t\»e engine) for ftlUng the ice 
mouhl. 

The first 'method is only used where 
it has l)oen decideil to u.se the can 
system, and where distilled wjiter is 
unobtainable— for example, where gas 
or oil engines are used and there is 
no steam. Several plants ha¥c been 
supplied on this system with satisfac- 
tory results ; but wliere }K>8sible we 
prefer to use system 2, usually called 
“ making ice from distilled water." 
The steam coihing from the engine 
driving the compressor is condensed, 
then iiassed to a re-boiler, where all 
the gases and air contained in the 
water are expelled. The hot water 
is then conveyed to a coeder, whei;p 
it is reduced as much as possible in 
temperature, and finally, after passing 
through a cliarcoal ’filter, is- usetl ft»r 
filling thecmoulds. With reasonable 
qarS in iiandling, the ice produced is 


clear, Ijriglit, trai*s|Kircntaiid j)erfoctly 
pure and whole, some, and is sold for 
table use. Fh»wers, fish or game 
pliU!ed in the moulds Inifore freezing 
cjin Ixi frozen in, and show clearly 
through the ice when the block is 
formeil. The first c«>st of this system 
is greater than when making ojMique 
i(!e. 

(W/ Jcc . — In this system, commonly 
called “ Siddeley Cells,” the ice tanks, 
which are generally nijule in units, to 
hold, when frozen, .5 or 6 tons, are 
made to turn out blocks of clear ice 
weighingeither : .^cwt., iiud measuring 
12 in. by .‘10 in. by IS in. ; or 6 ewt., 
and mejisuring 12 in, by ll.‘l in. by 
f)l in. The tanks are made of woo<l, 
and arc fitted with a scries of longi- 
tudinal and tninsverse hollow brine 
cells of iiK'tal, through which cold 
brine is k(‘pt constantly circulated. 
Th(.‘ water to l)e frozen, which does 
not rccjuire to be distilled, is placed 
I)ciween these cells and is agitated 
during the jn’oeess of freezing. The 
iec prmluced is Itojiutifully clwir, and 
luis the lulvantage of I»eing in large 
size blocks. By means of a sfKvial 
arrangement , hot brine (‘an afterwards 
1)6 circulated tbrougb the cells, thus 
thawing off the ice from the cells and 
enabling the i(^ to be lifted. On the 
aveiage a f>-ton t»uk, making cvvt, 
bhx^ks, takes four days to freeze up, 
so that for a plant turning out 5 tons 
of ice per 24 hours, four tan^s would 
l)e required, and it Ls therefore usual 
when making ice on this system to 
arrange for a plant having an output 
a multiple of five, and also it will be 
seen that this system is not applicable 
to plants of less tlian 5 tons capacity. 
The first cost is very much higher 
tlian any of the foregoing, but it has 
the enormous advantage of producing 
very large, clear blocks of ice. The 
working expenses are alxiut the same 
as for clear can ice. 

Plate lee . — This system produces 
the very best ice that can be manu- 
factured, and is superior to the finest 
Norway ice ever imported. The blocks 
produced can be id^e up to 16 ft. by 
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8 ft-, by 10 in. in* M in. thick ; no i 
dintillatiou is ncoilcd, ordinary water 
iKiiug used, the impurities falling to 
the l>ottom of tlie tank. The tanks, 
which are of wrought iron, ai'e divide(l 
into comf)artnients by hollow walls, 
and the ice is formed on these walls. 
Through these, cold brine is cAuaed to 
circulate, and the water in Ijctween is 
kept moving by means of ixvddles, 
whereby all air is liherated and the 
impurities are thrown to the bottom 
of the tank. 

To thaw the ice oil' warm brine is 
circulated in the hollow walls, thus 
releasing tlu' ice from th(‘ fn'oziug 
plates. This syst«‘m is only applicjible 
to the larger si/o of jdants, sjiy from 
12 tons upwards. Tlie outlay and 
cost of production are alnmt the same 
as for cellic(‘, and both classes possess 
the julvaiitage, tliat, as distilletl w.iter 
is not required for their manufacturt;, 
the engine can In* made condensing, 
and a corresponding economy in fmd 
etlbcted. 

Lociil conditions must, to a great 
extent, determine the cLiss of ice t-o 
l)e made, the chief among them being 
the nature and ciuality of ice l»eing 
made, or sold, in the district for 
wliich the plant is required. 

For cooling pur})os^, only rough ice 
is re(|uirqfl, and Wie chejijKJst way of 
producing this is in ains or moulds. 

For immediate consunjption small 
blocks^ire desirable ; for long journeys, 
or where the ice is not required im- 
mediately, larger blocks are recom- 
memled — about 1| to 2 cwt. 

For abroad, where clear ice is re- 
(^uired in small (juant-ities and where 
a steiim engine cannot be used, mouhls 
with agitating gear is the best system 
to adopt. 

Chilling. — Cooling goods to a tem- 
perature not lower tlain F. is 
termed chilling. 

Freezing. — (^(joling below the above 
temperature is termed freezing. 

Cold Siorarie of (roods . — Cold storage 
of goods is the keeping of goods *tluit 
have l)een either chilled or frozen. 
The best tenipei%,ure for storage is 


I dclcnuincd liy tbc- ckuss of produce 
(see page 1 :l). 

^riie dr^ree of insulation (for pre- 
vontingincreascof tcinjiorature) should 
Ik' determined by striking a balance 
liotween th<‘ iiderest on the first cost 
of insulation and the cost of k<*ofting 
the store cool,, l<'or example, with 
first-ckiss insulation (w'hich is expen- 
.sive) the miwhinc will oilly ha\c to 
run, siy, 12 hours out of the 21 hours ; 
but with ]K)or insulation the machine 
must run every hour m the 24 ; and 
if for any reason a stopiiage occurs, 
tlie temp<‘rature rises, with the risk 
of spoiling Ihe^txxls in the store. 

Miscellaneous Methods. The 
following arc the methods of c(x»ling 
cold stores or refrigerating chandlers, 
together w-ith their advantages and 
disadvantages : — 

(1) Urine pijies alone. 

(2) I)ir(‘ct expvnsion ammonia pipes 

alone. 

(3) Brine air cooler and air circu- 

lator. 

(4) Direct (‘xjiansiori cooler and air 

circulator. 

(,^i) Special accumulator system for 

small stores. 

Bririe Piprs Ahmc . — In this system 
wrought iron galvanised pipes, 2" 
inside iliameter, are placed on the 
ceiling of the store to be cooled, and 
are connected at the ends either by 
bends or headers. The pipes are filled 
with a solution of cold brine supplied 
from, the refrigerator of the ice 
maclune. The cold brine is circulated 
by means of a pump, and after {lassing 
through the pifies returns to the re- 
frigerator to lie again cooled. This 
system has lieen most successfully 
ailopted, and is geiiendly used either 
on board ship or in bacon factories. 
It lias this iwlvantagc, that when the 
machine is stopfied there is always a 
store of cold brine in the pipes, which 
’will keep the room cool for a consider- 
able time without running the machine. 
Tliis, however, *00x18 more than the 
direct expansion system, as a refri- 
gerator is required in addition t« the 
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britK^ pifK's. Willi t,li(' adoplion of 
this metlKul, it Mlumld l»i! Imh-iu* in mind 
tliat the liriiie pipes f^radually be ,>ine 
coated with frozen moisture, which has 
to be removed hy juussing liot lirine 
through the piyies. This ojiemtion in- 
volves the stoyipage of the* cold room 
for a short period. 

]tirvct JH'xpandim, Animonia Pipn 
Alonv. — It fs desirable in some awes, 
aay as in lager lieer fermenting rooms, 
to use direct exyiansion cooling japes, 
and in this awe heavy hip- welded pipes 
^nd coils are jilaced on the ceiling and 
ammonia expUKled in them. This 
makes a sound sulistan^ial job when 
constructed with a system of wrought 
iron headers, this system Ixjing jier- 
fectly tight and free from leakage. 
Of course no other refrigerator is 
recjuired Ixsyond the exjiansion pipes. 
But the same trouble may be exjieri- 
eneod as aliove, viz. : — That the pipes 
become coated with snow, and must 
lie thawed off with hot ammonia. 
This system is, however, chaipor than 
No. 1, but has Ho reserve of cold, the 
cooling action ccEwing with the stop- 
page of the compressor. 

Brine A ir Coder and Circulator . — 
This sywtem is undoubtedly the liest, 
although the most expensive. Wrought 
iron galvanised tubes are arranged in 
a series of coils in a walled-off pirt of 
a store ; cold brine is circulated 
through these coils and the air of the 
rooms is circulated by means of a fan 
over these coils and through all the 
rooms. When the coils get sn 4 )wed 
up, the fans are 8topix*d, and cold 
brine is pumped over them, wliich en- 
tirely clainses them, and, when clejin, 
the fans are shirteil again. The tul- 
vantages are : — A clejir, cold atmo- 
sphere ; areserve of cold when thoplant 
is stopped (the fan can l)e still kept 
running) ; entire safety as to the pre- 
vention of the brine used in cleansing 
being carried thorough the air ducts 
to provisions. The disailvantiige is : — 
extra cost, due to extra refrigerator 
• and brine pump. * • • 

Direct Bxpansion Coder and Air 
Ciiyulatorp~This system is the one 


most generally ado'))ted, and consists 
of a series of wrought iron (oils placed 
in a walled -off p(*rtion of tlie cold 
stores. In those coils the ammonia is 
allowed to exjwnd, thus producing 
cold. A fan or air proyieller is used in 
connection irith wo(Mlen air ducts for 
circulating a largo volume of air over 
the cooler, and tlirough the air ducts 
to any room. The warm air reaches 
the fan l)y air ducts from the various 
rooms, and, passing over the refri- 
gerator, is cooled. By means of a 
centrifugal or sj)arge pump, a supply 
of brine continually circulates over the 
freezing coils, keej)ing them fi’eo from 
snow, and at tlie same time cleansing 
and (Irying the air. The atmosphere 
produced by this system is perfectly 
clear iind dry, and the temperature 
am easily l)e regulated in any room 
by means of sli(ies ydaced in the air 
ducts. This system is cheap in first 
cost, and, if thoroughly well looked 
after, is very gts^l, but it must be 
borne in mind that the brine used for 
cleaning the cooling coils is liable to 
be airriixl along the air ducts and de- 
posited on the moat, and further, 
when the jdant is shut down there is 
no reserve of cold. 

Acmnvalator Syntcm. — This is a 
special system dofftgned for small stores 
for keeping meat and* fish, an^i also to 
I reduce the necessity of running day 
and night.continuously andon Sundays. 
Briefly the system is this : 

The store to be cooled is divided 
inh) two compartments, one for fish 
and one for meat. Al)ove the fish 
store is placed a wrought iron tank 
filled with brine, and tliis tank is fitted 
with an explosion coil, forming the 
refrigerator. The exposed under-sur- 
face of the tank is sufficient to keep 
cool the fish store. The meat store 
is fitted with a series of brine coils 
kept suppled with cold brine from the 
refrigerator tank, by means of natural 
circulation, and is also fitted with a 
fan and air trunk for circulating, puri- 
fying and diying the air. These coils 
; are kept .clean by means of a small 
I sparge pump. 
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When the rnacin'hc is slopj)Cfl, the 
large amount of cold store<i up in the 
refrigerator tank kegps the fihh store 
cool by means of iU exj)osed under- 
side, and keeps the meat store cool by 
the natural circulation in the ct)oling 
pijMJs f)liu;ed in it. by this arnu\gc- 
ment the fish is kept at a lower tem- 
perature thaji the moat. 

This system is thoroughly efficient, 
and has given excellent results in 
practice. 

Motive Power. — The question of 
motive power is an all-important 
matter f(jr cousider.ition, the objects 
to be kej)t in view Ijeing ec<»nomy in 
fuel and maintenance, combined wth 
a reasonable first tiost and immunity 
from breakdown. Interest on first 
(‘.ost and depreciation must l)e con- 
sidered simultaneously with economy 
in fuel, for if this latter be jmshed 
too far, the sjvving in fuel will l)c more 
than al)8orl)ed by the former. 

The usual sonnies of power arc as 
follows : — (-V«t/, (hiH, Oil, Mlcotrv'ity, 
and Water. (The latter, which is 
cheapest, is so seldom available that 
it will not 1)0 considered here.) By 
reference to the table of H.I*. required 
for various outputs, the following 
information will determine which is 
the cheapest form of ftiotive power to 
employ (exclusive «f first cost). 

Coal. — 2 lb. of ctMxl arc re<]uii’cd to 
prtHluce 1 indicjxted horse power for 
one hour with a compf)und condensing 
steam engine of a fair size. 

2 to 2J lb. will be required if the 
engine be nem-cmidcnmig 

4 to 1) lb. will 1)6 required for a 
simple high pressure steam engine. 

These results may be considerably 
improved by the employment of high 
pressure superheated steam with or 
without triple expansion. 

Gas.— 16 cubic feet of gas arc re- 
quired for each horse-power hour. 

Oil. — 1 pint of crude oil is consumed 
for each horse-power hour. 

Electricity. — Electricity is sold* by 
the Board of Trade “ Unit,” vaiying 
in price from 2d^ Ig 6d. 


1 unit will produce alK)ut 1 horse- 
power hour. 

Without knowing all the conditions 
for any j)articular job, it is impossible 
to advise as to the l«st form of power ; 
but the following information, in 
iuldition tn what .has l)een stated 
alK)ve, will l)e jof assistance to the 
intending purchaser. ■ 

If clear ice is required llj^ the con- 
densed water method, it may bo ad- 
visjible to employ a comjiound non- 
condensing steam engine, using the 
exhaust steam for the clear ice making. 

Where ice storage is in view, elec- 
tricity is t)ften^ the clnnipest form of 
power, most electric suf)ply com- 
panies l)cing willing to grant very 
cheup rates for p)wer during the day 
time (it is only for this period of the 
24 hours that the storage of ice re- 
(juires power). 

A go»)d water supply has an impor- 
tant l)earing on the selection of motive 
power ; whether for condensing the 
stejun from the engine or the ammonia 
in the ammonia condenser. Water 
always reduces the cost of running, 
and it may l)e further remarked that 
the cooler the water the smaller the 
plant for any given output. . 


roWEU REQUIRED KOK ICE-MaKINO. 


Weight of ice maile per 24 hours. 
Approximate horse-ix)wer required. 
(Effective.) 


10 cwt. ^ 

• 

1 18 cwt. 

li tuim.j 

3 tons. 1 

i 6 tons. 


4 H.r. 

8 H.P. 

12H.P.j 

18H.P. 


If water is available at the mere 
cost of pumping, it is best to use 
condensing engines and submerged 
gas Qondensers,* and possibly non- 
condensing engines. l^nts have 
been arranged where the ejigine* has 
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Ijeen condensing and the ice li;vs Ikioh 
made from tiie condeiiBcd exhaust of 
tile engine, and this at a water con- 
sumption iiardly exceeding the amount 
of water required for making the ice. 

Chemicals. — The two ciiemicjils 
usedarecliloride o^wilcium (the solution 
of which is commonly called chloride 
or brine) and .anhydrf)us ammonia 
(NHj), wl»ch is liquetied gas, not the 
onlinary jkiucous solution known as 
liquor ammonke. 

Brine. -This is the veliicle or me<lium 
for conveying or applying the cold 
produced by the exptvnsion of ammonuk 
in the refrigerating coils. It is a non- 
congealable solution, alid is made by 
dissolvingin water chlori<le of calcium, 
which is obtained in wrought iron 
drums. Ordinary salt (van be used 
inateiwl of calcium, hut it is not to 
be recommended, on account of its 
deleterious eflect on the coils and 
tanks. 


Solution of Calciitm Chlouidk. 


; Percentage 

1 by Weight, 

1 Specific 
' Gravity at 
, 60“ P. 


Freezing 

J'ofnt 


Dpgipe. 

F. j 0. 

1 

1-009 

-996 

31 - 0-5 

5 

i-oi:? 

-961 

27-5- 2-5 

10 

1-087 

•896 

22 - 5*6 

15 

1-llU 

•860 

15 - 9-6 

20 

1-182 

•834 

-5 -14-8 

25 

1-234 

•790 

-8 ,-22-1 


The chloride of calcium sliould l)e 
mixed with the water in a separate 
tank, so that any impurities may 
float to the top and l)e removed from 
the brine before being used. The 
heavier deposit which will be found 
at the lx)ttora of tlie tank must on no 
account be put into the circuit. After 
the plant has been put to work, it is 
well to test the brim) occasionally to 
see if any ammonia is leaking* into the 
brint). '^hiS may be ascertained by 


means of “ Nesslei* s lieagent ” (to be 
obtained at any chemist’s). 

Ammonia is thg refrigerant or mate- 
rial which produces the cold ; it is a 
very penetrating and searching gas, 
and unless the fittings through wliich 
it passes (such as valves, tees, {H|ies) 
are of wrought iron or steel, tliere 
will always l)e a lejik sooner or later, 

I with consefjuent loss of ammonia. 

Ammonia Fittings, — With the em- 
I ployrnent of cast iron, it is impossible 
, to secure absolute and continued im- 
i munity from Icjikage and its conse- 
. ([uences. The excessive loss of ani- 
i monia in inditterently designed and 
cheaply made machines lh not infre- 
quently attributed to the decomposi- 
tion of ammonia due to continuous 
working. Tliat this is not the case is 
demonstrated by the fact tliat when 
{)ropor fittings are used, little or tio 
replenishing of ammonia is required. 
Tin's is a most important fact. 

Cost of Pr(Kluction. — The cost of 
producing varies between limits so 
wide, depending uj)ou tbo conditions 
and ty})e of jdant, that it is not j)rac- 
ticable to give exact figures, hut we 
may say generally that with large 
plants tlie cost y>er ton of making ice 
is l.s. 9d. and upwards. 

Ammonia rettifier and oil se^xv- 
1 rator. — ^The obiect; rf)f the rectifier is 
t<j remove, from the ammonia circuit, 
oil, water, and any other impurities 
I which are originally present in the 
ammonia, or whicli gradual^ find 
I their way into it during the working. 
The apparatus is constructed so that 
it may be oponited during the working 
of the plant. The dia^m, Fig. 7, 
is self-explanatory, but a few words on 
the actual operation will not be out of 
place. 

The receiver forms part of the gas 
, circuit, and the whole of the ammonia 
I passes through it, any water or oil 
being separated the gas by the 
action of the internal “ dash pipe.” 

The “purging” of the ammonia is 
carried out in the following way : — 

Whilst the plant is running on 
* its usual work, tl]^ cock A, between 
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the receiver aud thtf rectifier is o|5ened. ceiver, and when tlie iKittle is three- 
This will cause the |)ij)e connecting j quarters full and the frost disappeareti 
themtol)ecomecold^ind three minutes , (the cock. A being closed), the recti- 
after tliis the cock should lie closed, | fier should be brought to a tern- 
and the plant allowed to run on until | perature of lOO'^ by placing a lamp 
the frost (which will gradually apj)ear • underneath (in the tropics no artificial 
all over the receiver) has di8Jipj)e}vrcd. heat is necessary), aqd the liquor drawn 
The operation of ojxining aiul closing off. If there is^ no weak li(juor or oil 
the cock should then l>e re}>e{»,ted until 1 in the machine, the rectifier will frost 
the receiver again l)egins to frost. It I to the bottom at each alte»\tion. 
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will he noticed that on this occasion The oil drawn from the receiver 
the lower p<}rtion of the receiver will ^ may be used iigain after filtration. 

1)6 bkiCK, due to the oil and impurities ' 

carried over in the first operation. , Tabl^: of Temi’kratuiies Foil the Cold 
The height of the black jiortion shows | Storage of vauious Autjcli-:s. 


the amount of impurities carried over ; Article. Deg. F* 

into the rectifier. The whole of the Apples 33-36 

ammonia liquor is not usually wirried i AK})!inigu8 . ■ 35 

over at the first or even second time. Bananas 60-56 

the operation must be repeated a , Beef (chilled) 33 ' 

number of times until all the liquor , Beer (in barrels) .... 33-40 

has been carried over, but not sufficient j ,, (bottled) 45 

to fill the receiver more than three- i Berries (fresh) 36-40 

quarters full. Sufficient time must I Butter 25-30 

elapse between the operations to allow Cheese 32-33 

the frost on the receiver to disappear. Dates, Figs, etc 55 

The pointat which the frost commences i EggJi 33-35 , 

and the black ends, is an indication Fish (fresh) . . . ^ . 25-30 

of the quantity li(j[uor in the re- I ,, (dried) . . . . j . / 35 
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Article. Deg. K. 

Fruits (dried) 10 

„ (canned) . . ... . Ji5 

(lame (frozen) 25-28 

,, (to freeze) ..... 15-28 

Honey 45 

Lemons 36-40 

Mejits (fresli) . * 35 

,, (canmxl). . ’ . . . . 35 

Mutton (J^ozen) .... 18-20 

Oranges 45-50 

Peaclies 15 55 

Pears 35 

Potatoes 36-40 ■ 

Poultry (frozen) .... 28 30 

,, (to freeze) . . . 18-22 

R;il)l>its (New Ze.rilan(i frozen) . 15 

Sardines (cxumeil) 35 

Tomatoes 35 

Vegetiibles 35- 10 

Water-melons 35 

Wines 15-50 


Insulation. — The purpose of this 
is to prevent incinase <»f teiu])eriiture 
from outside sources - to prevent 1os.n 
of coldness, it might l»o said, tlumgh 
the introduction of warmth from any 
source or cause is what has to lie 
guarded against. The materials com- 
monly used are saw-dust, charcoal^ or 
slag-wool, though any material that 


walls arc of bricktt'ork or concrete. A 
good coating of waterproof piint is 
first given to preyent moisture working 
through, then 6 by 2 in. upright 
Littcns are fi.\ed, and on those come 
^-in. match-1 loanling. The boarding 
is commenced at the Uittom, and tis it 
rises the insulating material is jxicked 
ill. Over the lirst lioarding, when 
finished, is titeked a layer of water- 
proof }ja{)er, an<l on this follows another 
liiyer of bojirds iu-ranged to “break- 
joint ’* ; that is, the joints are ar- 
ranged not to come directly over one 
another. 

Ice Skating-Rinks.™ The pre- 
coiling matter devoted to ice-making 
explains practiwilly everything tliat 
requires to lie known for the making of 
an icc-rink. One of the largest esbih- 
lishrnents of this kind in London liad 
for its freezing ajiiwratus an ammonia 
compression macliinc, not of the make 
just describe<l, but working on that 
principle. Its ciipacity wfis 12 tons 
jicr day, hut one-third of tliis was not 
iimled for the rink (tliis retjuiring 
refrigemting power eijual to 8 tons), 
the lialance of fMiwcr lieing devoted to 
making block ice .uid maintaining cold 
storage chamlicrs. The rink is made 
by forming a sunk waterproof floor, 
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answers well as a non-conductor of 
heat will serve. Probably the liest is 
slag-wool (silicate cotton) though it is 
not, of course, so cheap as saw-dust, 
cow-liair, and other organic materials. 

Fig. 8 shows an example method 
of Insulation. Very many methoils 
can be ailoptod, depending on the 
structure of the room or building, but 
iu this ^e it is supposed that the 


capable of taking aliout 6 in. depth 
of water. On this floor pipes are run 
to and fro as close as they can lie got, 
i.e., with no more space between them 
than is necessary in making the sliarp 
return bends in the pipes at the ends. 
The water to form the ice skating sur- 
faefe is run in and covers these pipes 
sufficiently to admit of the wear and 
tear of 'the skates^jid to allow of the 
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scraping or planinjf tliat tiie ice is sub- 
jected to a}x)ut every limir or so when 
it is in use. About in. thickness 
of ice above the pipes is sufhcieut. 
, Tiie pipes are charged with the brine 
made of cjilcium chloride, already 
de8cril)ed, and this is kept circulating 
by a puuif) which is continually btking 
the brine through the refrigerator. 
The brine used is a strong solution, so 
that it am be cooled to some degrees 
IhjIow zero (F.) or say 35^ to 10^ Ih*- 
low freezing-point, and needless to siiy, 
if the pifKis in the rink are kept charged 
with this, the water surrounding and 
covering the pii)es becomes a very firm 
ice. 

Cooling Syrups, Solutions, 
etc. — The modenitti c<joling of fluids 
by the eflect of a current of cold water 
is an essential condition -of the con- 
densers attached to stills, and this 
pirt of the subject will be found dis- 
cussed under Distillation. Much the 
same i)rincij)l(i is cmploye<l in refri- 
gerators for cooling brewers’ worts, the 
object being to atbdn the maximum 
ex|K)sure of the wort in the lacst 
jwssible time and sjMice. 

An equally important but far less 
develope<l a{){)liaiitiou of cold to solu- 
tions is with a view to se|)arating their 
valuable portion froi# the accomi>any- 
ing water. (.)n tips subject. Prof. Mills 
remarks 'that “theoretically it comes 
to much the siime thing whether you 
get a Bubstfmee sepiirated out by means 
of heft or cold. Cooling is effected 
by a halt engine, but universally the 
nature of the subshince must have a 
very material influence, and that alone 
may decide as to whether we ought to 
apply heat or cold in any particular 
case. Ellis has proved the economy 
in the application of cold in the case 
of soda sulphate, owing to the peculiar 
property it has of crystallising out in 
great abundance at low temperature. 
In this case, the mere application of 
heat raises no objection, because the 
sulphate is an object which you can 
trejit as severely jis you please by means 
of heat. This process, however, is 
very suggestive ^ other wa^s, for ex- 


j ample, in dealing with organic Inxlios, 
I which seem to lie specially proper 
I substances for this treatment. Again, 
j in the prepiration of solid paraffin wax 
1 from {/he blue oil, cold is constantly 
! employed for the purpose ; in fact 
I ever since the graiter improvements 
in the piraffin oil * manuhicturo have 
j l)eeu lUcwlc, this hiis Ixjen systematic- 
t ally a|)plicMl in order to^^pxtract the 
j>ai-affin. It is surprising tluit we have 
not heard more «if cold in this way. 
Why should we not purify such a 
substance Jis carlK)lic aci«l by dissolving 
it into some suitable naphtlia, and by 
means of ct)l«l sejiarate it again ? In 
this way we tnight find some means 
of prepiring pure carlnilic acid with 
greiiter rapidity. Again, poly basic 
acids might yield similar results. Why 
not try the effect of cooling solutions 
of iKuizoates and tiirtrates ” 

More than 30 yairs ago, Kneller pro- 
jKised to concentnite syrups by forcing 
cold air through them, and his plan 
was much improved by Chevallier. 
Sugar made in Chevallier’s apjiaratus 
rivalled that of the vacuum-pin in 
every respect. A vessel holding 200 
gal. of syrup (composed of 3 jiarts 
sugar to 1 of water) is estimated by 
Wray to turn out 12 tons of sugar 
daily. The cost of the apparatus is 
small ; the power required is trifling ; 
the ordinary air of the estate could be 
used in dpr weather, and would entail 
an insignificant exjienHe for drying in 
damp weather ; and the quality of the 
sugar is unsurpissed. In 1865, Alvaro 
Iteydoso proposed to rapidly cool the 
syrup in suitable machines, and thus 
form a confused mass of particles of 
frozen water (ice) and dense syrup. 
The mixture is afterwards separate 
in centrifugals, and the syrup, deprived 
of ice, is evaporated in ixicno ready 
for crystallisation. It seems most 
singular that, in the face of the many 
drawbacks and great cost incurred by 
concentration by heat, so little effort 
is made by sugar-growers to adapt the 
cooling system.to tlieir needs, 

ElliB*(‘ Jl. Soc. Chem. Ind.’)haspub-' 
lished the results of his ^xperiepce in 
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tlu) 11 ] (plication of cooling to the re- 
covery of Ko<la sulpliato from waste 
liquons. He found tluit IQOpirts of 
water at91°F. cmi hold in solution 
412 pirts of -soda sul])hate .crystals 
(Na..S0^4-iOH.,()); at 8(5'" F., 184 
pirts ; at79 ’F., 110 jiarts ; at77°F., 
98 jMirts ; at (58'" r>8 ]>art8 ; at 

50'" F., 28 parts ; and at freezing-point 
only 12 parts ; so that a very slight 
lowering f)f teinjKJraturc in the case of a 
strong solution gives a very consider- 
ahle yield of cryshvls ; a solution 
saturatcnl at 94'^" F. should yield almost 
97 percent, of the crystals if cooled to 
32"" F. The waste liquor experimented 
on was alnmt eijuivalent to a sidution 
saturated at 6.5° F., and on cooling it 
down to 40’"' F., alniut 2*5 ll». of the 
salt were always obtained from 1 gal. 
of liquor ; this salt was tolerably pure, 
ami by washing it with a spray of 
saturated solution of soda sulj)hate, a 
siilt almost free from foreign Ijodies 
was obUined. Some sjimides wliich 
wore analyso(l contained about 0*2 j)er 
cent, of common sjilt and 0*04 j»er 
cent, of iron. The next point to Ihj 
consnlered is Ikjw much he^rt requires 
to lie abstracted from 1 gal. of the li(]uor 
at (55'" F. in order to reduce its temper- 
ature' to 40" F. and to obtain thecrys- 
tiUs from it. Wewillhike asourthcrmal 
unit the (juantity i>f heat required to 
raise 1 lb. of water tlirough 1° F. ; 

1 gal. of theliquor weighs al)outl2.5 lb. 
and liJis a specilic lieiit of akjut 0'8r>, 
so that 12 • 5 X 0 * 8.5 x 25 = 265 • 6 ther- 
mal units must l)e extracted in }wlditi(»n 
to that which is given out by 2'T) lb. <»f 
salt while crystidlising : this may l)e 
taken at- 250 thermal units, giving a 
total of 515*6, to obtain 2*5 lb. of the 
salt. About 10 times this quantity of 
heat would requin; to be su])plied to 
the liquor in order to get the same 
amount of the salt by evaporating it to 
dryness. In order to arrive at an idea 
of the cost of aljstracting heat from a 
solution by artificial moans, Ellis con- 
sulted Coleman of the Bell-Coleman 
Kefrigcrating Com]>ajiy, and he stated i 
Uiat one of his refrigerators which 
couiumcd 0 tons of coal in 24 hours 


could in that time produce cold cap- 
able of abstracting 4,000,000 of the 
a]K»ve thermal units, which is just 
about of the corresponding heat 
which the same weight of coal can 
supffiy in j)ractice when ajqdied h> 
evaporathm. Howevei*, in the case 
umler considenition it would he (juite 
uimeccssiiry to make use of artificml 
cold for the whole of the reduction of 
temfHjrature from 65" F. to 10°F.,}is 
during a considerable j)orti(m of the 
year, at Iciist half this cooling coulil be 
brought alniut by natural means, and 
as the yield of crystfils is proportion- 
ately mucli gresiter l)etwe(;n 65" F. and 
50" F. than l)etween 50° F. and 40" F. 
it might be fouml more iwlvaubigeous 
not to attemj)t cooling below 50" F. at 
all. The liquor conbuiis alnmt 58 
jKirts of salt to 100 jKuds of water, 
and by co<ding to 50° F. 80 of those 
jKirts should 1)0 recovered, whcrciis 
further cooling to 40" F. would only 
yield 6-7 pirts more of cTystfils. Ellis 
was at first inclined to think that the 
(jue-stion of the recovery of the .siilt, 
cconomicidly, (;ould be solvcil by the 
use of artificial cold, ])roduce<l l»y a 
mechanicjil refrigerator of such form 
as the Bell-(\)leman Co. make, but on 
going into details of cost and working 
cx]HiUScs, he teels almost convinced 
that a similar msuiy- (‘ould lx; bn)uglit 
alxmt in another way much*more eco- 
nomically, and he projjosed the follow- 
ing method for the treatment of this 
liquor on the large scale. Lefrus first 
take a case when tlieatmosjdieric tem- 
jK;rature is alxait 50" F. or lower. 
The litjuor could lx; run away from 
the preci[)ihiting tanks in the copjxjr 
works intt) a reservoir of suitable 
dimensions, where it would lx; allowed 
to remain some little time to jxsrrait 
of the solid iuijmrities settling out, 
an<l also to allow the liquor to cool 
down to a certain extent. It could 
then be made to flow slowly and con- 
' tinuously along a shallow shoot, on 
the outside of wliich a current of Cool- 
ing'water ran in the oppisite direction 
to the flow of liquor. In this way all 
the codling ellect the water would 
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be utilised, and the liquor would How | could Ik‘ arrive«l at, l.hc limit of course 
away at the end farthest from tht* j Indug where the ev}i|)orat.ion was fvir- 
resorvoir at a temperature the siime, rie<l 1 a) the extent of driving oil’ all 
or nearly so, as the* cooling water, | the water and Icjiving the dry wilts, 
leaving beliind it in the shoot all the I This w;i§ the case in the method of 
soda sulphate crystals, which it was I trejitmcnt which was formerly resorted 
unable to hold in solution at that tern- | to, and which, from the akwe, ayi[)ears 
perature. These could be fished out to l»o an exi>ensive and, except in most 
from time to time without stopping ' exceptional circ.uihsbujces, a useless 
the flow of frtish quantities of Ihjuor, I inothodofprocedure.for, by tli# method 
and at once taken to a hydro-extmetor, [of cooling after prirtwl evaporation, 
where they could Ix) washed with a [ when the tempcniture is at .59^ F. only 
spray of saturated solution of .smla i I ’4 11>, of water reijuires to Ite evajMjr- 
sulphate, and dried. In this way ! ated away in order to get 1' 715 lb, of 
they would l)e rendered almost en- salt (that is 2 lb. less 12 per cent, for 
tirely free from for eign Utdies, and reduction in bulk of the lujuor during 
could then Ite furnaced and converted the partial evaporation) in a fairly 
into salt cjike. This direct treal merit pure form, whereas by total evayHira* 
could of course only lx* used when the lion, that is, di’iving ofl'alxmt 7 ll». of 
temfierature of the air and water was water, only 3'7.'< lit. of a vtJiy impure 
not much alxive F., if a fair percent- salt is the result, or a little o\ er twice 
age of the crj'stals in the liquor were ! tl^e ({uantity of salt for 5 tinuis the 
to be recovered, but as this tenipei’ature ! evaporation. Having evapomted the 
is considerably below the avemgc for a I lujuor in jxart, it could Ite run into the 
great part of the year, the liquor would ! reservoir and Ire put thntugh the saqie 
re(|uire at other times to undergo tresit- ! treatment tis Itefore stated. If the 
ment before entering the reservoir, so liquor were run fntm the reservoir at 
that after such treatment it would be a temperature ,30'" F. altove that of the 
of a strength to yield per gallon at the cooling water, theoreticfilly thcrewoukl 
particuhxr temperature, as much soda l»o re(|uired less than twice fis much 
sulphate crystals as a gallon of the cooling water as lujuor to Ire treated, 
original liquor would yield at .^rO'^F. for from 1 gal. of li(|uor weighing 
Tlris could of course bejbrought about ! 12‘.5 lb., 0‘8.5 x 12’5 X 30 = 318*75 
by a partial evaporation. Let us huj)- thermal units would have to Ire ab- 
pose, for instance, that the temperatun* stracted in addition to 200 thermal 
was at 69^ F., and that the liquor was units for the 2 lb. of salt while crystal- 
of such strength as to Ire capable (rf lising out, and 2 gal. of water should 
yielding at frO'" F. 2 lb. of crystals from Ire mpable (rf alrstracting 600 thermal 
the gallon. Frouj the table of solubili- units, tlnrugh, of course, in practice, 
ties at different temperatures, it is easily rather n?<rre than the theoretical quan- 
calculated that by evaporating away tity of cooling water wcruld be retjuired. 
about 20 per cent, of the water from If it is reciuired that only a given 
the liquor, or about 1*4 lb. per gal., a quantity of salt is Ur Ire allowed to 
liquor would be obtained which w(ruld run away in the final waste liquor for 
give per gallon the same yield at 59'^ F. each gallon of the original liquor, and 
as 1 gal. of the original liquor would we supjrose that tliat (|uantity is fixed 
give at 60” F., or if the temperature atw’liat would remain in solutitrn after 
were as high as 68” F. an evaporathrn of co(rling the (rriginal lii^uor to 50” F. *, 
40 per cent, or about 2*8 lb. per gal., when the temperature is at .59” F., 
would again give a liquor which wouW in place of having to evaporate away 
yield the same result. Thus by varying 1*4 lb. per gal. we should have 
the amount of evaporation according^io drive off 2*6 lb., of water. Taking 
the temperature of the air and the yield into c<3nBicleration, however, that the 
of salt required, ai^ required ’result liquor is a waste product of prytically 
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no value, this latter would not be such 
an economical way of working as the 
former, where a gallon of tlie partially 
evajK>rated li(|uor gave the Hame yield 
of salt as a gallon of the original 
liquor. 

The plant required for working up 
this waste product in tlus w'ay would 
lie somewhat' as follows : Piping to 
run the^ waste liquor to an evaporating 
pan fn)ra the precipitating tanks in 
the copper works, an evaporating pan 
(one similar to those used in the 
evaporation of brine would be suitable), 
a reservoir, a cooling shoot, a small 
tank for making sjiturated solution of 
soda sulpliate, a hydro-extractor for 
drying and wjishing the crystals in, 
with small gas engine to work the 
game, a furnace for driving off the 
water of crystallisation and converting 
the crystals into salt cake, and piping 
to run away the waste Ihjuor when it 
left the cooling shoot, and to conduct 
the cooling water away to be used for 
any further purpose to which it might 
be applicable. Ellis concludes with a | 
rough estimate of the cost of working ; 
per day of 24 hours, on the supposition 
that 20,000 gal. were to l)e treated in 
that time, and tliat the average tem- 
perature throughout tlie year is 59" F. 
For the partial evaporation, aliout 2 
tons of coal would required at 7». 
per ton ; say 60,000 gal. of cooling 
water at 4(2. per thousand ; 4 men at 
4«. and 4 boys at 2«., to attend to the 
washing and fumaCbing of the crystals, 
etc.; gasforthegas engine, etc‘., 4{(. ; rent 
of ground, 5«. ; management, 15s. ; 
interest and depreciation on plant at 
16 pw cent, say on 20002., taking 300 
working days per annum, 12. ; giving 
a total of 72. Tlie production of salt 
cake for this, taken at about 2 lb. of 
crystals per gallon, from aljout 17,000 
gal. (after allowing for evaporation), 
should be over 7 tons, making its cost 
per ton about 12. 


Rope-making by Hand. 

{Sec also Tying and Splicing, 
and Wire Ropes.) 

Materials. — A rope consists of a 
number of threads of hemp, or other 
fibre, twisted together by means of a 
wheel, thus forming aclosely assembled 
and strong cord. The term rope is ap- 
plied to cordageabove 1 in. in circumfer- 
ence and made of hemp spun into yams, 
and a numl)er of these twisted together 
form a strand. Three of these strands 
twisted or laid together is termed a 
hawser-laid rope, and 9 of them a 
cable-laid rope. When the rope is 
made very tliick, it is called a cable, 
and when loss tlian 1 in. circumference, 
a cord. Many kinds of fibre have been 
used for rope making, such as hemp 
and flax, tough grass, the husk of the 
coco-nut, the fibres of the wild 
l)anana, etc., and animal substances 
liave b^n also used, such as strips of 
oxhide, horse hair and wool, and of 
later years, iron and steel wires liave 
been twisted and plaited into cords 
and ropes of great strength for various 
purposes. 

The superiority of the fibres of hemp 
to those of most plants has caused 
them to be chiefly used :n the manu- 
facture of cables, ropes, cords, canvas, 
and sail-cloth. In forming a rope, 
the fibres are first spun intr, yams, the 
yams into strands, the strands into a 
rope, and the ropes into a cable. The 
shortness of the hempen fibres (about 
3J ft. being the average length), re- 
quires this complex arrangement. If 
they were long enough to form a rope, 
the most advantageous method of 
using them would be to lay the fibres 
side by side, and to secure them at 
the two ends. Each fibre would then 
bear its own share of the strain, and 
the strength of the bundle would be 
that of the sum of the strengths of 
the separate fibres As a long rope 
could not be formed in thif way, the 
ends of the fibres are secured by twist- 
ing so as to F&h^uce sufficient com- 
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prcssion to prevent *thc fi])re8 from 
sliding upoji tNich other wlien Htniiii 
is applied ; but in iitbiining this 
amount of compression l)y means of 
twist, the strength of the fibres is 
greatly deteriorated ; this very com- 
pression acts as a constant strain on 
the strength of the fibre, and must Ijc 
deducted therefrom before the avail- 
able strength can be applied. Reau- 
mur found that a small wcll-iniule 
hempen cord broke in diftcrent [)kces 
with .08, 63, 67, and 72 lb., its mean 
breaking weight being 6.0 lb. ; while 
the 3 strands of which it was composed 
bore 29J, 33J, and 35 lb. respectively ; 
so tlmt the united absolute strength 
of the stnands was 9S lb., although 
the average rejil strength of the rope 
was only 65 lb., the loss of strength 
being due to the twisting. More 
recent experiments by Sir Charles 
Knowles give a nearly equal loss of 
strength by twisting. He found that 
a white rope of 3-1; in. circumference 
broke on an average of several trials 
with 4552 lb. ; while the aggregate 
strength of its yarns, 72 in nuralnsr, 
Wiis 6480 lb. (each yarn l)earing about 
90 lb.) ; thus the loss was 1928 lb. or 
about 30 per cent. The strength of 
ropes can be Ciilculated by the follow- 
ing rule : Multiply the Circumference 
of the rope inches*by itself, and the 
fifth part of the product will express 
the number of tons the rope will carry. 
Thus, if f^rope l)e 5 in. in circumfer- 
ence, 5 X 5 = 25, the fifth of which 
is 5. 

The’ weakening effect produced by 
twisting varies considerably in the 
fibres of the same rope according to 
their distance from the centre or heart 
of the bundle. If a certain amount of 
twist be given to a bundle of fibres, 
the outer fibres, occupying more space 
tlian the inner ones, will Ikj strained 
more, and will act with less useful 
effect than the inner ones, which will 
have to bear the greater part of the 
strain while the rope is being used. Jt 
isfor this reason the hempis first twisted 
into slender yams, and a number of 
jrams into strands^dSM 3 of these into 


a ro|X‘, the stniin Ix'ing equalised, and 
the important pnipci tiesof length and 
strength secured without bto great a 
sacrifice of the strength pf the indi- 
vidual fibres. Moreover, a rope could 
not bo at once formed by twisting a 
bundle of fibres togetber, as when 
left to itself it would immediately Iwgin 
to untwist. The strain 15< are therefore 
laid in such a way that the ten- 
dency to untwist in one fiart sludl 
countenuit that tendency in another. 
Duhainel has endciivoured to ascertain 
the amount of tw'ist that would pro- 
duce the most useful effect. He made 
some rojHJs in wl^ch only one fourth 
the length of the yarns Wfus absorl)ed 
in twisting instead of the usual pro- 
portion of one-third. These rojies 
when used in shipping were found to 
1x5 lighter, thinner and rnore jtliant 
than those in ordinary use. Ropes 
made of the same hemp and the same 
weight per fathom, but twisted re- 
spectively to I, and of Ihoir 
component yarns, supported the fol- 
lowing weights in two experiments; 

I . . 4098 1b. 42.501b. 

f . . 48.50 „ 6753 „ 

I . . 6205 „ 7397 

The result of these experiments lecl 
Duhamel to make ropes without twist 
by placing the yarns together and 
wrapping them round to keep them 
together. The rope had great strength 
but not much durability on account of 
the outer covering •soon wearing away 
or opening at bendings, and thus 
admitting water, causing the yarns 
to rot. These selvedges or skeins of 
rope yams are, however, used for 
tackle where great strength and pli- 
ancy are required. 

Preparing: the Yarn.— Before 
spinning the hemp into yam it is heckled 
or hackted for the purpose of separating 
and straightening the fibres. The 
heckle is formed of a number of straight 
steel prongs set in a board with the 
points upwards ; they are of various 
sizes : the-smallei' heckles strip the 
hemp of its short fibres or ti»w, when 
the hemp is said to be cropped^ and*i8^ 
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used for fine work, or for Bpinning 
below the usual grist, as it is called, 
the usual grist being a rope 3 in. 
in circumference, with 20 yarns 
in each strand. In the process of 
heckling, a quantity of hemp sufficient 
for spinning into one yarn 160 fathoms 
long is first weighed out, and the 
hecklei; holding the fibres at one end, 
throws the bundle loosely over the 
points, and pulls it gently towards 
him : a numlwr of fibres is retained in 
the heckle, and by repeating the pro- 
cess they are all rebiined. He then 
lifts up the whole bundle, and passes 
again through the heckle, the operation 
being assisted by the application of a 
small quantity of whale oil to the 
points. The fibres, thus separated, 
and made tolerably jiarallel, are tied 
up into a bundle called a tow of hemp, 
weighing about 3^ lb. Heckling 
greatly improves the appearance of the 
hemp, converting the hard knotted 
mass into a loose silky skein. 

Spinning.— The fibres are spun 
into yarn in a long rope-walk of 600 
or 1200 ft., one end of which is called 
the head, or fore-end, and the other 
the foot, or back-end. At one end is 
a Spinning-machine, Fig. 9, consist- 
ing of two upright posts witli a wheel 
between them, the band of which passes 
over several rollers or wheels, Fig. 10, 
turning on pivots in brass holes, the 
pivots projecting and terminating in 
small hooks, so tliat by turning- the 
wheel the hooks are nu^e to revolve 
rapidly. Posts are arranged at eqinil 
distances on each side the walk, and 
between every pair of posts a rafter is 
extended across ; hooks are driven 
into this rafter for the purpose of 
supporting the yarns as they are spun. 

The number of whirls in the spin- 
ning machine (generally about 12) de- 
termines the number of spiniiers that 
can work together. E^h spinner 
wraps round his body a bundle of 
hemp sufficient for the spinning of one 
thread of yam, talcing core tliat the 
bight or double of the fibrefe isln front, 
the two bnds passing behind his back. 
He d^ws out from the face of the 


bundle as many fibres as the size of 
the yarn requires, and, twisting them 
between his fingers, attaches the bight 
to one of the wliirl-hooks, while the 
wheel, being turned by an assistant, 
gives the twist or turn to the fibres. 
The spinner holds in his right hand 



Fig. 10. 

a piece of ttiick woollen cloth, with 
this cloth he gra^ the fibres as they 
are drawn out, and presses them firmly 
between liis two middle fingers, walk- 
ing backwards all the timtt from the 
head to the foot of the walk, occasion- 
ally making a signal with his left hand 
to the wheel-man to turn fast or slow* 
as may be required. He regulates the 
supply of fibres with his left hand so 
as to make the yam of equal size, 
drawing back some if they enter his 
right hand in too great a number, and 
putting forward more if the supply is 
not sufficient. He does not allow the 
ends of the fibre to come near together, 
but distributes them in a kind of flat 
skein, so that the yam may have a 
uniform strength throughout. The 
thickness of the yam depends on the 
quantity of hemp which passes thr^h 
the spider's hui4^ in a g^ea time. 
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and on the rapidity Vith which the 
hook is made to tuni. The spinner 
walks backwards at thg rate of alx)ut 
two miles an hour, and as the yarn 
increases in length, he throws it over 
the hooks on the under side of the 
rafters, which are placed 5 fathoms 
apart. When the spinner has got to 
the lower end of the walk, and his 
length of yarn is sufficient, it is de- 
ttiched from the wheel and fastened 
to a reel, the spinner holding the end 
of his yarn (for if let go it would un- 
twist) and as the reeler turns the reel 
the spinner walks slowly in, keeping 
the yarn equally tight all the way. 

A good workman will in one d<iy 
spin 8 quarters, or 48 yarns, each yarn 
160 fathoms in lengtli ; and as the 
spinner has to traverse the whole length 
of the walk twice for every yarn, once 
in spinning it out, and b^k again in 
reeling it in, he has thus to walk 
nearly 18 miles in the course of one 
day g work, 

Ro|)e yarns are commonly from ^ 
to rather over ^ in. in diameter, and 
160 fathoms of white, or untarred yarn, 
weigh from to 4 lb. 

Wlien a number of spinners are 
working from the same wheel, each 
fastens Ids thread to a whirl, and they 
all proceed together do\^i the walk ; 
each man throwing his yam on one of 
the hooks of each rail as he passes it. 
When they arrive at the foot, they 
join the ends of every pair of yams 
and hang them over the posts ; and 
in order to be able to sepirate them, 
a piece of twine is tied by the middle 
to the first pair a little in advance of 
the post ; the second pair is then put 
over the post, and a string is tied over 
them, and in this way every pair is 
tied in. This is called nettling. The 
spinners now set-on at the foot or 
Ij^k-end wheel, and spin up the walk. 
The forward wheel-man kiving un- 
hooked the yams from the whirls of 
his wheel, and hung them over the 
posts, and tied them in pairs at the 
back-end, proceeds down the walk col- 
lecting the yams from the hooks.. 

If the cordage is 1(4 be tarred, the 


process of tarring the yams is now 
introduced. Tarred coraage is con- 
siderably weaker than untarrod, but 
it is better calculated to resist wet. 
It loses its strength gradually in cold 
countries, and rapidly in hot climates. 
According to Duliamel,,untarred ropes 
sustained a greater, weight by nearly 
30 per cent, than tarred ropes ; and 
he states that wliite cordage,*in con- 
stant use, is one-third more durable 
than tarreej, that it rebiins its strength 
much longer when kept in store, and 
resists the action of the weather one- 
fourth longer. Cordage when only 
tarred on the surface is said to be 
stronger than whefi tarred tliroughout. 
Messrs. Chapman, of Newcastle, liave 
stated that the rapid decay of taired 
cordage is due to the presence of the 
inuciL^e and of the acid of the tar, 
which they proj)ose to remove by 
boiling the tar with water and boncen- 
trating the washed tar by heat until 
it becomes pitchy, restoring its plas- 
ticity before use by the admixture of 
tallow or oils. 

Preparatory to tarring, the yams 
are warped into a haul ; that is, they 
are unwound from the reel or roller, 
and stretched straight and parallel, 
when 300 or 400 yams are assembled 
in a large grouper haul, about 100yd. 
long. This liaul is dipped into tor 
hrated to about 21 2° F. in a copper or 
tar-kettle, and is then dragged through 
a hole, called a grip, or gauge, or sliding- 
nipper, wliich presses the tw into the 
yam, and removes the superfluous 
portion. The tar must not be « too 
hot, or the yams will be charred ; nor 
too cold, or they will be black ; they 
ought to be of a bright brown colour. 
The proper temperature is judged of 
by the closing in of a scum over the 
surface of the tor. 

Laying: into Strands.,— The 
yams either tarred or untorred are 
next twisted or laid into strands, 
the twist of the strand being in an 
opposite direction to that of the yams, 
in order* to. counteract the tenden<iy 
of the separate yams to uutfist, and 
tlukt the yams in their turm ma^ 
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couuteract the tendency of the Btrand 
to untwist. The laying walk may be 
under the same roof as the spinning 
walk. It is provided with tackle- 
boards and wheels for twisting the 
strands, and stakes and sta.ke-hciuls 
for supporting them. The tackle- 
board, Fig. 11, ,for twisting large 



strands is fixed at the head of the 
walk ; it consists of strong upright 
posts supporting a plank j)icrced with 
holes wliich corresjwnd to the number 
of strands, generally three, of which 
each rope consists. Winches or fore- 
lock hooks work through these holes. 
One of the smaller wlieels for laying 
the smaller strands is shown in Fig. 
12 ; it is supported on a strong post 



Fig. 12. 


at the heads of the walk : the axes of 
the pinions are prolonged into hooks, 
and the driving wheel is worked by a 
winch. ^ The strands ^ ui-e supported 
♦by J)eams or stake-heads placed at 


intervals along The walk ; each stake- 
head, Fig. 13, contains a number of 
upright pins, between which the 
strands are placed. The yarns, as 
they are run out for laying, are first 
secured to posts at the head and foot 
of the walk, and as they become 



' Fk; 13. 

shortened by being twisted into 
stnuids, tliey are aft<ir‘wards attached 
to movable sledges, Fig, 14, situated 
at the foot of the walk. The upper 
jjiwt of the sledge, allied the brwist- 
board, corresponds to the tackle-board. 



Fig. 14. 

Fig. 11. The sleilge is loaded with 
press-barrels, i.e. old tar-barrels filled 
with clay, for keeping it steady, and 
iron weights are also used for the 
purjiuse. 

Supfjosing now that the yarn is 
proiierly warpedfor layinginto strands, 
it is run out along the bearers of the 
laying walk, and the number of yarns 
repaired for the rope is counted, and 
divided into three separate portions, 
each portion being placed in one of 
•the divisions of tlio bearers, and hung 
upon the hooks of the tackle-board 
anJ sledge, ^yhe sledge , is pulled 
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backwards to stretchy the yarns tight, 
and the press barrels are put on. The 
yarns are now examined to see' that 
they are of equal length and properly 
stretched ; the hooks at each end are 
now heav^ round in a contrary direc- 
tion to the twist of the yarn, and in 
this way the three bundles of yarn 
are formed into three strands. By the 
consequent shortening of the yarns 
the sledge is di-awn forwaixl some way 
up the walk. When the strand is 
full-hard, or has enough hard in it, as 
it is termed, the twisting is discon- 
tinued ; the sledge is moved forward 
to slacken the strands, and to allow 
of their being taken off the hooks. 

The three strands thus formed are 
laid or twisted together into a rope ; 
for which purpose tliey arc attached 
to the middle hook of the tackle-board, 
and then placed in the grooves of a 
conical block of wood. Fig. 1.^, called 



Fig, 16. 


a top, through which passes a pin for 
the liandles or woolders as they are 
called. «A piece of soft rope called a 
tail is attached to each wooldcr by its 
bight in the middle, while the ends are 
used to secure the rope in laying the 
strands. Tops of various sizes are 
used, and when a top is of very large 
size it is supported on a sledge. Now 
the tlu^e strands lieing attached to a 
hook of the breast-board, and then 
continued along the grooves of the top 
as in Fig. 16, the top is forced back 
as near the hook of the sledge as pos- 
sible, and the men at the hea<l again 
turn their hooks in the same direction 
as before. As soon as the sledge 
begins to move forward, the men 
diminish the load-on the sledge, and 


turn the hook in a direction contrary 
to the former, by which means the top 
is forced forward ; the three strands 
closing behind it as in Fig. 17 form 
the rope. The reason for turning the 
single hook containing the ends of the 
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three strands in a contrary direction 
to the three hooks to which the other 
extremities of the strands are attached 
is to regulate the progress of the twists 
of the strands round their common 
axis, that the three strands may re- 
ceive separately at their opposite ends 
just as much twist as is taken out of. 
them in consequence of their beii^ 
twisted the contrary way in being laid 
together. When the top is some way 
off from the sledge the tails are 
wrapped round the rope, and they by 
their friction prevent the top from 
moving by jerks and also enable the 
rope to close better. In this way a 
rojie is formed by twisting three strands 
together. It will be seen that the 
strands unite into a rope on one side 
of the top and are kept separate on the 
other lide, and that as the rope is 
formed the top is gradually dnven 
forwards. The motion of the top re- 
quires to be regulated so as to ensure 
equal hardness in the rope; the top- 
man, therefore, before putting in the 
top, makes a mark across the strands 
of every beam : if, when the top 
reaches a beam, the mark be above the 
bearer, the top-man knows that the 
turning at the forptop has been too 
fast ; if the mark be below, he knows 
that the turning has been too slow. 

In Ikying a very thick rope, the men 
may not be able to tuni 4he hook of 
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the sledge to which the strands are 
attached ; but they are assisted by 
other men, who apply woolders at 
intervals between the sledge and the 
top : the strap of each woolder is 
wrapped round the rojie, and the pin 
is us^ as a lever to heave round the 
.twist. The men at the woolders keep 
time in heaving with the men at the 
hook of tile sledge ; and in the case of 
heavy ropes the top sledge is used to 
support the rope. 

In laying the strands it is necessary 
to vary the pressure at different parts 
of the process, and also the angle at 
which yams take their position in the 
strands ; the angle wtiich the strands 
assume in forming a cable also require 
attention. In making a cable of 100 
fathoms, for example, the length of 
the strands should bo 152 fathoms, 
and should be laid at an angle of 27° ; 
hard is given until each strand is 
shortened the length of 10 fathoms, 
when the angle must be 37°. In 
making the strands the sledge travels 
24 fathoms, and the angle then made 
should be 32°. In laying the cable, 
the length of the strands thus formed 
amounts to 118 fathoms, and the 
angle when hard should be 40°. The 
lengfh of the cable when finished is 
generally 101 fathoms ; the strands 
entering with an angle of 35° while 
laying, and finishing at one of 38°. 

With regard to the press-weights on 
the sledge ; those for the strands of a 
12-inch cable begin at 60 cwt., and 
when the length of 5 fathom^ is at- 
tained, 10 cwt. is subtracted, and at 
7J fathoms another 10 cwt. is removed; 
so that the press, when the strand 
is hard, is 40 cwt.: but if it lays 
well another 10 cwt. is removed 
for the remaining distance. In laying 
the cable, the press begins at 160 cMrt. 
this is reduced 10 cwt. at 1| fathom ; 
another 10 cwt. is taken off at 2 
fathoms, and when the cable is ob- 
served to lay well, another 10 cwt. is 
removed, leaving a press of 180 cwt. 
for the rest of the cable. , 

The twisting of three strands to- 
gethei' ip ^he manner described forms 


wliat is called a hawser-laid rope : this 
is called the first lay. nie second 
lay is formed with four strands, produc- 
ing what is called a shroud hawser- 
laid rope. The four strands are laid in 
the same way as the three, and under 
the same conditions ; but in order to 
render the rope solid a core-piece, 
consisting of a few yams, is run 
through the centre. The tliird lay, or 
cable-laid rope, consists of three hawser- 
laid ropes, ejich formed of three large 
strands, twisted or laid together into 
one gigantic rope or cable. This, 
however, is now seldom made, the 
chain-cable having taken its place ; 
but as cable-laid ropes are very hard 
aiid compact, ropes of no very great 
shse are made in this way, if intended 
to resist the action of water. 

Where great pliability is required, 
ropes are formed by plaiting instead 
of twisting ; as for clock -lines, sash- 
lines, and generally where ropes have 
to i)a8B over small pullies. 

Flat ropes, used for mining purposes, 
are formed of two or more small ropes 
placed side by side and united by 
sewing, lapping, or intertwining with 
tlrread or smaller ropes. Flat ropes 
are also formed by similarly uniting a 
number of strands of sliroud-laid rope. 
In either case 4he component ropes or 
strands must be alternately of a right- 
hand and a left-hand twist," or the rope 
would not remain at rest. 

The Weight of Cordage may 
be calculated by the followin^rules : — 

For shroud or hawser-laid rope, 
multiply the circumference in inches 
by itself ; then multiply the product 
by the length of the rope in fathoms, 
and divide by 420, the product will 
be the weight in cwt. 

For cable-laid cordage, multiply its 
circumference in inches by itself, and 
divide by four. The product will be the 
weight in cwt. of a cable 120 fathoms 
long, from which the weight of any 
, other length may be deducted. 

Care of New Boj>e.— New ropes 
ard had to deal with at first, owing to 
their tendency to twist, or, perhaps 
we should say unlyvist, or uujlay. It 
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is difficult to uncoil coil of rope with- 
out getting it full of “ kinks.” When 
practicable the coil of rope should be 



left taut for an hour, and then reeved. 
Hopes used with a thimble eye are 
safer than when ropes are sluug over 




placed on a roller, and the end walked | 
away with. Ropes intended for reev- 
ing ‘ ‘ tackles ” should be well stretched 
first. In order to do this, lay the 
rope out to its full length ; connect 
one end to the barrel of a winch, and 
the other end to a holdfast, with a 
swivel-eye to admit of the rope unlay- 
ing itself. As the winch is work^ 
and the rope made taut, it will begin 
to unlay ; continue the strain up to 
the “ working strength ” of the rdpe, 
according to the following table of 
“ working strengtljp,” when it 'may be 


I Table of Hawser Laid Cordage. 
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Safe Working Load in Tons. 
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hooks, or fastened by knots. The 
hook of a block will soon destroy a 
rope under great pressure. It is true 
economy to use eyes where possible 
and couvenieirt. In addition to the 
“knots” given under “Tying and 
Splicing,” the fo^owing will be found 
useful in connection with blocks. 
C (Fig. 18) shows a “ selvagee ” formed 
of returnfc of spun yam in a circle 
bound together. They are used prin- 
cipally for atbwliing the hook of a 
tackle, the “selvagee” being passed 
round the object and hooked into the 
tackle. To make a “ selvagee,” place 
two pins at a distance from each other, 
equal to the intended length of the 
‘ ‘ selvagee ; ” wind returns of spun 
yarn round the pickets until the 
“ selvagee ” is thick enough ; then 
bind them together by half-hitches, 
with the running end at a distance of 

in. apart. 

D shows the application to a rope. 
Lay the middle iw-rt of the “ selvagee ” 
over the rope, then bring both bights 
under and around the rope in opposite 
directions, until the bights are close, 
then place the hwk in both bights. 

E shows a double bend, useful for 
betiding a small rope on to a larger 
one ;*it will be noticed that the smaller 
rope is passed t\vice round the larger 
one. In F the bend is drawn taut. 

G shows a block hook, with a few 
turns of spun yam taken round in 
order to prevent its clearing itself when 
hooked to anything, and is termed 
“ mousing ” a hook. , 

H is a fisherman’s bend. Two com- 
plete turns are taken round the ring, 
or other object, through the two turns 
next to the ring, over its own standing 
part, thus forming one half -hitch ; the 
second half-hitch is taken round the 
standing part alone. 

I is a rolling Iwnd. To make it, 
take a half-hitch with the mnningend 
round the standing part, lash them 
together just beyond the hitch, and 
shse the end to the standing part ; 
etwh part is exactly aiike. It i^ some- 
times called a ■“hawser bend,” 


Rubber Stamps, Rubber 
Type ^akd Rubber- 
Stamp Ink. 

(See also Inks.) 

The matter or letters to be re- 
produced are first set up in clean-cut 
metal type, wliich is then thoroughly 
oiled. A rim or guard about A in. 
high should then be placed around the 
form and with a camel’s-hair brush a 
thin cream of jJaster-of-Paris is laid 
over it, to exclude all air bubbles. A 
thicker paste of plaster is then poured 
over the form, filling in the guard or 
the rim up to its edge, and it is then 
set aside to harden. Alum water is 
often used to mix the plaster, as this 
makes a liarder mould, but it takes 
somewliat longer to set. When the 
mould has thoroughly stiffened, it is 
removed from the type and placed in 
a dry, hot place to become well hard- 
ened. The mould is now fitted in a 
frame of suitable size, and a strip of 
sheet vulcanised rubber of the right 
size and about I in. in thickness is 
adjusted upon it, and the whole is put 
into a screw-clamp and heated slowly 
until the rublxir becomes soft -enough 
to be forced into tjie letter spaces of 
the mould by tightening the screw. 
The rubber should be allowed to remain 
in the press at least 24 hours, and 
until it becomes quite cold. 'Ihe sheet 
rubber used for this purpose is usually 
but slightly vulcanised, having had 
about 3 per cent, of sulphur kneaded 
into it with rollers wliile subjected to 
a very liigh temperature. After the 
impression has been made, therefore, 
it is necessary to add a greater propor- 
I tion of sulphur, to insure the r^uired 
I hardness in the type. This is done 
I by immersing the rubber, which has 
been separated from the mould, in a 
mixture of 30 parts of bisulphide of 
carbon and 1 part of chloride of, sul- 
phftr. This is exposed to a tempera- 
ture of from 70° to 80° F. until all 
the bishlphide of ccmbon has volatilised, 
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and is then immer^ in a boiling al- 
kaline solution — made by dissolving 

9 oz. of caustic pojjash in 1 gal. of 
water— for a few minutes, and after a 
subsequent washing in clear, tepid 
water, is made quite ready for use. 

Rubber Stamp Ink.— (1) The 
usual rubber stamp inks are prepared 
with water, soluble aniline colours and 
glycerine. A good formula is given 
by Dietericli. Aniline blue, soluble 
in water, ] D, 3 parts, distilled water 

10 parts, pyroligneous acid 10 parts, 
alcohol 10 parts, glycerine 70 {jarts. 
Mix intiuiiitely by trituration in a 
mortar. (The blue should be well 
rubbed down with the water and the 
glycerine gradually added. When a 
solution is effected, the other ingredi- 
ents are by degrees added.) Other 
colours are produced by substituting 
for the blue any one of the following : 
Methyl violet 3 B, 3 parts ; diamond 
fuchsin I, 2 parts ; methyl green, 
yellowish, 4 |)art8 ; Vesuvin B (brown), 
5 |)arts ; Nigrosin W (l>lue-black), 4 
parts. If a bright-red ink is required, 
3 parts of eosiu B B N are used, but 
the pyroligneous sicid must be omitted, 
as this would destroy the eosin. Other 
aniline colours, when used for stamping 
ink, require to be acidulated. 

(2) Dissolve 1 ozf of aniline dye 
(any colour) in S oz. of water and 2 
oz. mettylateJ spirit. also 

Inks). 




Rusting) and Corrosion 
OP Metals. 

(See also Bronzino, Enamelling, and 
Preservation and Storing.) 

Some substances are applicable to the 
preservation of most metallic surfaces, 
and may therefore Iw mentictied before 
dealing with those wliich can bo ap- 
plied only with discrimination. Such 
may bo said to consist chiefly of solid 
hydroctirkins in combination with 
liquid hydrocarbons, etheric or fatty 
oils. Amongst the solid hydrocarbons, 
preferably indifc-rubber, paraffin, and 
ozokerit are used ; wliilst among the 
liquid hydrocarbons and oils, rectified 
petroleum, ligroine, and turpentine-oil 
are preferably applied for the manu- 
facture of the above composition. A 
valuable combination is produced by 
melting 1 pirt of pamffin under mode- 
nite heat (about 150° F.) in a closed 
vessel, and by then adding and mix- 
ing 2-4 parts of rectified petroleum, 
ligroine, or turpentine-oil with the 
melted paraffin. According to the 
greater or lesser quantity of liquid 
which is added, the consistency of the 
composition varies. It can bo applied 
to the surface of the metals by means 
of a stiff brush. 

Copper. — The corrosion of copper 
by oxidation ,on exposure to the air 
takes place very slowly, the metal 
becoming soon coated with a skin of 
carbopate commonly called “verdi- 
gris,” though that name is correctly 
applied to a basic acetate of copper. 
This familiar film on the surface of 
exposed copper constitutes a protec- 
tion against further oxidation. The 
action of salt water on copper which 
[ is also accessible to the air is rapid, 

I but may be in some degree modified 
by alloying a small proportion of phos- 
phorus with the metal. Dr. Percy 
has made the remark that fo^ more 
than a century European metallurgists 
havq b^n familiar with small thin 
bars of oist copf)er, of Ja|^e8e mauu- 
iacture, which present a, beautiful 
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from air, but th^ all do so when 


rose-coloured tint, due to an extremely 
thin and pertinaciously adherent film 
of red oxide of copper, or cuprous 
oxide. This tint is nut in the least 
degree affected T3y free exposure of the 
bars to the atmosphere. He h^ had 
such bars in his {X)Bse8siou for more* 
than 30 years, and although they have 
been freely exposed to the atmosphere 
during the whole of that period, yet 
they have not undergone the least 
change in appearance. Every one 
knows tliat when a piece of ordinary 
copper is exposed to the atmosphere, 
it s|)eedily actiuires a dark -coloured 
tarnish. Hence the conclusion that 
there is some peculiaAty on the sur- 
face of the Jafjanese copper, which 
protects the underlying metal from 
atmospheric action, and that pecu- 
liarity, it may l)e demonstrated, is 
the presence of a film of cuprous 
oxide, in a particular physical state, 
which acts like varnish. The bars of 
Japanese copper are actually cast under 
water, the metal and the water, pre- 
viously heated to a certain degree, 
being poured at a high temperature. 
When copper is so cast, under suitable 
conditions of temperature, it acquires 
a coating of cuprous oxide, which acts 
in the manner described. The tem- 
perature is such that the so-called 
spheroidal action of water comes into 
play, and the metal flows tranquilly 
under the water. The superficial 
oxidation is probably due to the action 
of a film of steam, which there is 
reason to believe surrounds the cop- 
per under these conditions ; and when 
copper is heated to a high temperature 
in steam, the latter, as shown by 
Regnault’s experiments, is decom- 
poi^, with the evolution of hydrogen, 
and the formation of cuprous oxide. 

Galvanised Iron.-— Messrs. 
Samuel Courtney state that the best 
coatU^ for galvanised iron is a good 
quality of bitumen solution, free from 
all acids. 

Iron and Steel.— The different 
varieties of iron and* steel will not 
oxidise (rus^/) in dry air, or When 
wholly immersod in fresh water free 


exposed to the action of water or 
moisture and ai^ alternately. Veiy 
thin iron oxidises more rapidly than 
tliick iron, owing to the scales of rust 
on the fonuer being thrown off as soon 
as formed in consequence of the ex- 
pansion and contraction from alterna- 
tions of temperature. Iron plates are 
more <lurable when united in miisses 
tliau when isolated. The oxidation of 
iron is to a great extent arrested by 
vibration. The comjuirative lifibility 
to oxidation of iron and steel in moist 
air, jiccording to Mallet, is — 

I Cast iron .... 100 

Wrought iron . . 129 

Steel 133 

Cast Iron does not rust nqndly in 
air. When immersed in salt water, 
however, it is gradually softened, 
made porous, and converted into a 
sort of graphite. Mallet found tliat 
the rate of corrosion decreased with 
the thickness of the casting, being 
during a century in. in depth 

for castings 1 in. tliick, Stevenson 
found the decay to be more rapid than 
this. 

WrowflU Iron oxidises in moist air 
more rapidly than cast iron. The 
evidence as to ilH rate of corrosion in 
salt water is rather contradictory. 
Ronnie found that it corroded less 
quickly than cast iron, but Mallet’s 
experiments showed tliat it corroded 
more quickly. * 

Sted rusts very rapidly in moist air, 
more quickly but more uniformly tlian 
wrought iron, and far more quickly 
than cast iron. Low shear steel cor- 
rodes more quickly than hard cast 
steel. Recent experiments show that 
steel immersed in salt water is at first 
corroded more quickly than wrought 
iron, but that its subs^uent corrosion 
is slower, and the total corrosion after 
a long period of immersion is less than 
tliai of wrought iron. 

Cast Iron Pipes . — In the course of 
a paper read by McElroy before the 
Western Society of Engineers, On the 
causes ol oorrosimi in cast-ironipipes, 
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the author obaerveS that a prominent 
cause of corrosion is the class of mate- 
rials used, and also the method of the 
manufacture of pii)e8 in ordinaiy 
foundries. In the first place, a cheap 
and easily melted pig is selected — speci- 
fications and the inspection of (juality 
and mixture not being strict—and the 
castings (for convenience of handling) 
are generally made in greensand moulds 
laid at a slope of about 10® from the 
horizontal. Impure metal is therefore 
run in a way that aggravates its defects. 
The core bars are coated with straw 
ropes, wliich may l)e more or loss soft 
and loose, coated with loam more or 
less soft and wet, and sprinkled with 
sand. 

If not very carefully wedged, these 
bars will rise ; and they are seldom 
stiff enough to resist the upward pres- 
sure of the molten metal. The usual 
spring at the centre for the core of an 
8-in. pipe is in. ; or as much aa 

in. with a 6-in. pipe. The metal, 
poured in from the upper end, first 
fills the lower section of the mould ; 
and as it rises round the core to fill 
the upper section, its weight springs 
the bar upward to the extent indicated, 
making the casting thicker at the lower, 
and thinner at tlie ujaper side. The 
denser, hotter, and pnrer metal fills 
the lowey portimi ; the’ impurities 
naturally floating upward to settle in 
the thinner metal as it cools. Here 
gather ^rtions of the sand coating of 
the mould ; while the bubbles of the 
metal, caused by the development of 
gas from the vegetable matter of the 
loam, and from its dampness, tend to 
perpetuate themselves in blisters and 
air cells. 

The usual defects in these cheap 
castings are, therefore, inequality in 
thickness, air cells and blisters, sand 
holes, cold chutes from chilled metal, 
and mixtures of sand and iron. Such 
pipes are also frequently out of line, 
from the effect of unequ^ contraction. 
Hpes of this description are peculj^ly 
liable to corrosion ; containing as they 
do mixtures of metal of difihrent 
demdties, togetl^^ihvith much graphite. 


The duration of such pipes in the 
ground is largely affected by the 
amount of disturliance they receive. 
If well laid at a good depth, and 
thoroughly liacked, they eday continue 
serviceable for many years ; but their 
defects are likely tu become suddenly 
l^rominent upon comi-taratively slight 
external jnterference. In favourable 
circumstances they may lasf more than 
thirty years ; but the majority, if 
tested after less use, will show flaws 
that would have ensured their rejection 
if delected when new. 

tJruner has lately published the 
results of a yegx’s researches into the 
comparative oxidisability of cast iron, 
steel, and soft iron, under the influ- . 
euces of moist air, sea water, and 
acidulated water. Having done justice 
to the earlier labours of Mallet, 
Phillips and Parker, he explains the 
arrangements mode to securea perfectly 
fair trial. The following results were 
obtained. The exi)eriments with 
moist air are still proceeding ; but, so 
far, it was found that in 20 days the 
steel plates lost 3-4 grm. for every 2 
sq. decimeters of surface. Chrome 
steel rusted more, and tungstated steel 
less, than the onlinary carburetted 
steel. Cast iron lost only about, half 
as much as the steel, and spiegeleisen 
less tlian grey iron. Sea water dis- 
solves iron rapidly, and acts upon it 
more powerfully than on steel, most 
powerfully of all upon spiegeleisen. 
In 9 days the steel plates with 2 sq. 
decimeters of surface lost 1-2 grm. 
wliile Bessemer metal lost 3*5 grm., 
phosphorised iron 5 grm., and spiegel- 
eisen 7 grm. Tempered steel was Iw 
affected than the same steel twice 
annealed, soft steel less than chrome 
steel, and tungstated steel less than 
the ordinary steel with the same pro- 
portion of carbon. It is evident from 
these .experiments that manganese 
sheets ought not to be iised on the 
hull of a vessel. Acidulated water, 
dissolves cast iron much more n^idly 
than steel, but dot speigeleisen. (* ik 
Metefllurgie.’) • 

In rusting of iron*thei?e ia 
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formetl, together with an evolution of 
hydrogen (which cimihines with nitro- 
gen, forming a small quantity of 
ammonia), ferrous carlH)natc. This 
changes very quickly into ferric 
hydrate, mixed with ferrous, oxide, 
and enclosing some unaltered ferrous 
carbonate. The presence in rust of 
ferrous ^xide, * carl>onic .acid, and 
ammonia is thus expliciible. Rust 
formed under water is, in conaetjuence 
of the smaller amount of acid present, 
usually richer in protoxide of iron, and 
therefore a little magnetic, and of a 
deeper tint than that formed in air. 
It is accordingly assumed that the 
carbonic acid present in the atmos- 
phere and in water acts, in the pro- 
duction of rust, similarly to those 
adds in which iron dissolves, the only 
difference being that, in the rusting of 
iron, the ferrous salt first formed 
changes, before it is dissolved, into 
basic ferric salt or ferric hydrate, 
which change is a natural result of the 
solution of iron in an insufiicient 
quantity of the acid or water present, 
or both. The denser the iron, the 
smoother and more even its surface, 
the less is the contact between it and 
the attacking substances, and, under 
otherwise similar conditions, so much 
the better, of course, will it withstand 
rusting. If the latter has begun, it 
promotes its own further formation, as 
rust, like other porous bodies, absorlw 
gases and therefore takes up moisture 
and adds from the air. Besides, where 
rusting lias already liegun, the*change 
from the first-formed femms com- 
pound to ferric hydrate is attended by 
a setting free of the active acid, wliich 
is then in a condition to act power- 
fully in the formation of fresh rust. 
Bust already formed must therefore 
be quickly removed, in order that a 
new layer shall not be produced. 
Rusting, being promoted by acids 
exis ting in the air, is also accelerated 
by those present in water, and for tliis 
reason iron is destrojjred more quickly 
in marshes and bogs than in l^es or 
considei^ble currents of water,* wliich 
are genlrally comparatively free from 


acids. The tendency of iron to rust 
is also increased by some salts dissolved 
in water. Thuti it is exi)laiucd why 
pieces of cast iron can, by long immer- 
sion in sea water, be changed to loose 
masses, retaining the same outward 
form, but consisting essentially of 
carbon. Iron which has been meta- 
morphosed in tliis manner contains 
more carbon in profKirtion to the com- 
pleteness with which the iron itself 
has been dissolved. The mass, when 
taken out of the water, possesses a 
low specific gravity, and such great 
porosity that a condensation of air and 
simultaneous rise of temperature bike 
place, sometimes sufficient to cause the 
spontaneous ignition of the whole. If 
a substance negative to iron, such as 
scale, tin, etc., pirtially covers its 
surface, the portions coated are of 
course protected, but the uncovered 
portions are only so much the more 
liable to rust : therefore, before coat- 
ing pieces of iron with oil-paint one 
should free them from all scale by 
the action of dilute acid. If, as ap- 
pears to be the case, contact with im- 
purities renders iron positively elec- 
trical, their existence in its interior 
must also promote rusting. Thus, 
foiled iron appears to rust first along 
the bands of impurity occurring in it. 
A partial coating ofra metal, positive to 
iron, such as zinc, not only protects 
the covered portions of the iron, but 
also hinders the rusting of tljp unpro- 
tected parts, the more completely, 
indeed, the smaller they are. A coat- 
ing of fat also protects iron, for some 
time ; but when the fat, by absorption 
of oxygen from the air, has become 
rancid and in part changed into fatty 
acids, the tendency of the iron to rust 
is increased. From the part which 
galvanic influences take in the rusting 
of iron, it follows that those substances 
positive to iron, which, when in mere 
contact with it, prevent it from rust- 
ing, promote the same if they are 
allpy^ with the iron,, because such 
alloys are in general more positive 
than iron itself. Thus, manganese 
alloyed with iron promotes t^e ten- 
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dency of the latter \o rust. So long, 
however, as the (juantity of mangjiiiese 
is uniform and not t(»o large, its effect 
in this direction is inconsiderable. If, 
on the other hand, the quantity is 
uniformly distributed, the rusting of 
the portions of iron richer in manga- 
nese, and therefore more jwsitively 
electrical, must be greatly promoted 
by contact with those pirts poorer in 
manganese ; hence the presence of un- 
equally <iiBtributed quantities of man- 
ganese apj)ears to largely augment 
the tendency of iron to rust. Associa- 
tion with electro-negative subst/inccs, 
such as carbon and pliosphorus, dimin- 
ishes the tendency of iron to rust, 
if the quantities of the electro-negative 
substances be evenly distributed 
through its whole mass. But iron 
poorer in metalloids in contact witli 
iron richer in these IkkUcs Itecomcs 
more positively electrical, and thus the 
rusting of the poorer portions pro- 
ceeds more rapidly. Sulphur is an 
exception among the metalloids, inas- 
much as it promotes rusting. Forged 
iron rusts more easily. With an in- 
crease in the amounts of carbtm, sili- 
con, and phosphorus present in iron, 
the tendency to rust diminishes, so 
that cast iron is the more capable of 
resistance to rusting, ulfccordingly as it 
contains qjore combined carbon, sili- 
con and phosphorus, and becomes 
denser. Grey cast iron is, as is well 
kriown, j^rer in combined carbon and 
less dense than white. Both charac- 
ters induce a greater tendency to rust. 
Perliaps the mechanically-contained 
graphite also contributes to this, as 
galvanic action may arise from its con- 
tact with the iron. In spite of its 
lower density and the contained gra- 
phite, grey cast iron withstands rust- 
ing letter than steel, although the 
amount of combined carbon in the 
latter is probably at least as large as 
in the former. This is probably ac- 
counted for by the greater freedom of 
steel from silicon and phosphorus. 7^e 
circumstance that grey iron smelted 
with coke is less soluble than that 
obtained from chircoal may be simi- 


larly explained, viz., by its greater pro- 
|K)rtion of silicon, an«i prol»ably also, 
phosphorus. Sjuegeleisen withstands 
rusting letter than gyanular white 
cast iron by reason of its greater den- 
sity and larger amount of carbon. 
Elaborate experiments in connection 
with tliis subject were made by Parker, 
w'hose results are for the most part 
in accordance with the foregoing 
statements. (Akerman.) 

Protection.— (1) (faJ,vanm'n^,-— 
Tliis consists in covering the iron with 
a tliin coating of zinc. The iron is 
cleiuied by being steeped for some 8 
hours in water qfmtaining aboyt 1 per 
cent, of sulphuric acid, then scoured 
with sand, washed, and placed in clean 
water. After this the iron is heated, 
immersed in chloride of zinc to act as 
a flux, and then plunged into molten 
zinc, the surface of which is protected 
by a layer of sal-ammoniac. The pro- 
cess diflers slightly according to the 
size and shape of the article. It is a 
simple one, and may be applied to 
small articles in any workshop. Kir- 
kaldy found that galvanising does not 
injure iron in any way. The zinc pro- 
tects the iron from oxidation so long 
as the coating is entire ; but if the 
sheet-iron be bad, or cracked, or if the 
zinc coating be so damaged that the 
iron is exposed, a certain action is set 
up in moist air wliich ends in the 
destruction of the sheet. 

The sheets are generally galvanised 
before they are corrugate ; but as 
in process of corrugation the sheets, 
especially the thicker ones, sometimes 
crock slightly on the surface (unless 
the iron is of the very highest quality), 
it is an advantage, with all sheets 
thicker than 20-gauge, to galvanise 
after corrugation, so as to fill up with 
zinc any cracks that may have oc- 
curred. As, however, a larger quan- 
tity of zinc adheres to the corrugated 
than to the flat sheets, they have, 
when BO coated, a distinctly higher 
value. — ‘ Matheson.’ 

(2) Sheraraising" <yr Dry OcUva- 
ntsinjjl'.-— This process is named after 
its inventor, and consists o2 giving 
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metals a durable coating of zinc with- 
out heating the zinc to melting-point. 
The first process — that of cleaning- 
can be done in the same way as W 
galvanising, 'viz., dipping in dilute 
acid or sand-blasting. The articles are 
then put into a .suitable receptacle— a 
kind of retort— and surrounded with 
zinc dust, then subjected to the heat 
of fire of ^ until they reach 600” to 
600” F. The heat is kept up for a 
few hours, according to the size of the 
article and the thickness of coat re- 
quired, afterwhich the whole is allowed 
to cool before the receptacle is opened. 
The heat just stated is some 200” 
below the fusing teihperature of zinc, 
and the broad result is not only a 
reliable coating to the article being 
treated, but a marked economy in fuel, 
in zinc, and in the process generally. 
It may also be notal that the lower 
temperature has less ill efiect on 
articles which are susceptible to heat — 
steel for instance. The process may 
be employed upon moat metals and 
when applied to copper it becomes 
surface or case-hardened to a remark- 
able extent. 

The zinc used is a powder obtained 
in distilling zinc from its ores, it 
must not be' confounded with zinc 
oxide. It is readily obtainable, being 
the zinc dust of commerce, costing 
about 201. per ton. Strange to say, 
this dust is not readily fused or 
reduced to its metallic form, therefore 
any overheating is very unlikely to 
melt the dust in the retort on process 
drum. The I'otort should be air-tight 
if possible, and it is desirable to exhaust 
the air from within it. If this cannot 
be done about 3 per cent, of fine pow- 
dered carbon should be put in with the 
kinc to prevent zinc-oxide beii|g formed 
too frwly. The only fault of the 
presence ^ zinc oxide beyond a certain 
amount is that the deposit on the 
articles assumes a dull hue instead of 
being bright. The deposit itself may 
be as g^, but of somewhat poor 
appearance. A rather extraordinary 
detcdl of ^e process is that grease on 
the articles is not objectionable; if 


anything, its presence affords better 
results. Consequently machine-made 
befits, screws, ptc., can be put into 
the process drums without cleaning. 
It need scarcely be pointed out that 
the process does not require the retorts 
to be kept hot continuously, as a zinc 
bath for galvanising has, and if the 
demand is not great small retorts, 
heated by Bunsen burners, can be put 
to use and complete an order in a few 
hours, starting cold. A small plant 
to take about 2 cwt. of moderate-sized 
articles would consist of a horizontal 
drum, made to revolve, its revolution 
not l)eing continuous, but occasional, 
just sufficient to keep all parts tho- 
roughly hot. One of the trunnions 
should 1)6 hollow to take a pyrometer. 
The drum would be encased with 
cast iron lined with fire-brick (to pre- 
vent loss of heat) or by brickwork only. 
The heat would be provided by a row 
of Bunsen burners beneath. Producer 
gas is quite suitable. Larger retorts 
could not i)e made to revolve, but can 
be arranged to run (on trucks) into a 
tunnel-shaped, brick-built, furnace 
chamber of such a form that, whether 
fire or gas heat be apj filed, the heat 
entirely envelopes the retort. lietorts 
must of necessity be of whatever 
shape the work requires, but the cylin- 
drical is best whey possible. 

(3) A substitute W galvanising has 
been invented by Neujoan and Delaite, 
of Liege. It is specitily intended for 
objects of large dimensioilh, which 
cannot easCy be moved, and therefore 
cannot well be dipped into a bath of 
melted zinc. The zinc, when finely 
pounded, is simply mixed with oil and 
siccative. In this way a varnish is 
obtained, which is applied with a brush 
in the usual manner. A single layer 
is sufficient, i)ut two are pi^erable. 
The coated objects can be left as they 
are, or bronzed and painted as required. 

(4) Pwintvng.^ia) This is an effeo- 
tuti method of preserving iron from 
otidation, if the paint is good and 
properly applied, and the iron in a 
propOT conmtion to receive it In 
&rder that the pattection by p^ting 
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may continue, the surface should be I ironwork fixed under water. The 
carefully examined from time to time, j m^nwork for roofs, bridges, and similar 
BO that all rust may be removed. The i structures generally receives one coE|»t 
paint may be renewed directly it is j of paint before it leaves the shops, and 
necessary. two or three more after it is fixed. * 

(5) Cast iron should be painted soon I (6) Dr. Arvjm Smith’s process is atn 
after it leaves the mould, before it has ' admirable means for preventing cor- 
time to rust. The object of this is to ' rosion in cast-iron pipes. The pipes, 
preserve inttict the hard skin which is ; having been thorouglily clean^ from 
formed upon the surface of the mebd ^ mould, sand, and rust, are heated to 
by the fusing of the sand in which it about 700° F. They are then dipped 
is cast. After this a second cojit vertically into a mixture consisting of 
should be applied, and tliis should be ' coal-tar, pitch, about 5-6 per cent, of 
renewed from time to time as retjuired. : linseed oil, and sometimes a little resin, 
In any case, all rust upon the surface heate<l to about 300°F. After remain- 
of castings should be carefully removed , ing in the mixture several minutes, 
before the paint is applied. Small long enough to acquire the temperature 
castings are often jai)anued. Before of 300° F., the pipes are ^adually 
painting wrought iron uvre must be withdrawn and allowed to cool in a 
taken to remove the hard skin of oxide vertical position. Perfect cohesion 
formed upon the surface of the trondur- should take place between the coating 
ing the process of rolling, and which, by and the pipe, and the former should 
the formation of an almost impercepti- l^e free from blisters of any kind. In 
ble rust, becomes partly loose and de- practice, the heating of the pipes be- 
taohed from the iron itself. An fore immersion is found to l)e expensive, 
attempt to prevent this rusting is and is frequently omitted, but tliis 
sometimes m^e by dipping the iron, practice is fatal to good results. The 
while still hot, in oU. This plan, coating is not then so lasting, and, 
however, is expensive, and not very wliat is worse, it gives a taint of tar to 
successful. The scale is sometimes water passing tlirough. There is no 
got rid of by “pickling,*' the iron taint if the coating is properly dofie. 
^ng first dipped in dilute acid to re- The cheapest plan for an effectual 
move the scale, and th6n washed in coating is to dip as soon as possible 
pure water. , If the* trouble and ex- (while the metal is still hot enough) 
jiense were not a bar to its general after the pipes come from the moiUd. 
adoption, this is the proper process for Most pipe founders are prepared to do 
preparing |Tought iron for paint, and this. 

it is exacted occasionally in very strict (7) Dr. Percy recommends resin 
specifications. But somewhat the same melt^ with a little Gallipoli oil and 
result may be obtained by allowing the spirit of turpentine, of such proportions 
iron work to rust, and then scraping as will make it adhere firmly vdthout 
off the scale preparatory to painting, chipping off, yet admit of being easily 
If some rust remains upon the iron, detached by gentle scraping, 
the paint should not be applied lightly (8) Venera Serra^ after many years ^ 
to it, but by means of a hard brush of experiment and observation, living 
should be mixed with the rust. Ordi- noticed that knives used in cutting 
nary lead paints, especially red lead, plants belonging to the family of £u* 
are often used for protecting ironwork, phorbiacesB (fid not rust, is 1 m to re- 
but they are often objected to on the conunend for this purpose an alcoholle 
pound that galvanic action is set up solution of gum (resin of) Mphorlnum. 
between the and the iron. Mathe> This when applied, to steel, iron, or 
son recommends oxide of iron paints copper forms a tl^, uniform, and 
for ironwork generally, and bituminous very adherent layer, which eflbotusllj 
paints"' ffu* tlM insidwof pipes or for projects the metal. Experiment! with 
4 “ “ D 
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Copper immersed in sea- water — a sliip's 
sheathing — were followed by gratifying 
results. 

(9) J. Maohabee invented the follow- 
ing composition : — Virgin wax, 100 
parts; Gallipoli, 125 ; Norwegian pitch, 
200 ; grease, 100 ; bitumen of Judea, 
100 ; gutta-perclia, 236 ; red-lead, 120; 
white-^lead, 200. Those ingredients are 
mixed together in a boiler in the order 
above, the gutta-percha being cut up 
in small pieces, or rasped. The mix- 
ture is stirred at each iwldition, and 
poured into moulds. For iron, it is 
melted and laid on with a brush. 

(10) Girders, angle-irons, and similar 
large masses of iron, are often placed 
in exposed situations, where damp air, 
steam, and acid vapours have acce.ss. 
If the iron be put up in the rough, it 
very speedily rusts, and under favour- 
ing conditions the corrosion soon 
reaches a dangerous point. Contractors 
generally agree to supply such irons 
painted in three coats of minium, 
which, if honestly done, to a certain 
extent protects the metal ; but a novel 
mode of treating girders is to heat them 
until, if touched with oil or fat, they 
cause it to frizzle, and then plunge 
them into a vat of mixed oil and grraise. 
This mode of treating cast iron is said 
to be superior to any “ painting,” as the 
oleaginous matter actually penetrates 
the pores, and prevents oxidation fora 
very long time, while it does not pre- 
vent painting, if desirable, afterwards. 

(11) The results of some exjieriments 
on the preservation of sheet-iron used 
in railroad bridges were published by 
the directory of the Government rail- 
roads of the Netherlands. From 32 
sheets lialf were cleaned by immersion 
for 24 hours in diluted hydrochloric 
acid ; they were then neutralised with 
milk of lime, washed with hot water, 
and, while warm, dried and washed 
with oil. The other half were only 
cleaned mechanically by scratching 
and brushing. Four of each kind were 
then equally papitefl with red-lead, 
with two kinds of a red paint of oxide of 
iron, add with coal-tar. The plates 
were* then exposed to the weather^and 


examined after three years. The result 
was — (a) That the red-lead had kept 
perfectly on both kinds of plates, so 
that it was impossible to say if the 
chemical cleaning was of any use. (6) 
That one kind of iron oxide red paint 
had better results on the chemically- 
treated plate than on the other— in 
fact, a result equal to that of the plate 

S in ted with red-lead ; while the other 
nd of iron oxide red gave not very 
good results on the plates when only 
scratched and brushed, (c) That the 
coal-tar was considerably worse than 
the paint and had even entirely dis- 
appeared from those iron sheets which 
had not been treated chemically, but 
only cleaned by brushing. (‘Eng. 
Mech.’) 

(12) Cast-iron Pipes . — The water 
from mines frequently contains enough 
acid to attack cast-iron pipes, destroy- 
ing them in a short time. Oil colours 
and varnishes offer but a limited re- 
sistance, and the process of enamelling 
employed in Oberschlesia, says Engel- 
hard! of Ibbenbureu, although per- 
manent and effective, is expensive. 
Cement is cheaper, and is unacted 
upon by these waters, and the only 
question to be settled was whether it 
would adhere to the smooth iron with 
sufficient firffiness. Two similsu" pieces 
of rolled iron w«re taken, and one of 
them painted over five times with a very 
thin cement, so that the coating was 
i in. thick. Both pieces were sus- 
pended near together in that jiart of 
the shaft where the water’had attacked 
the signal cable most violently, and 
were left there four months. On taking 
them out, the unprotected iron was 
found to be reduced to J its original 
thickness ; the other, in which a hole 
had been bored to suspend it, had 
suffered the same corrosion at the 
exposed portion ; the cement covering 
was dark brown, but perfectly hard and 
unattacked by the acid. The cement 
was broken off, and the surface of the 
(iron exhibited the dark-blue colour 
and lustre that it had on leaving the 
rolls. As this coating adher«td so well 
to the smooth iron, toiwhich it 
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cannot cling so tightly as to the 
rougher surface of cast iron, the ex- 
periment was continued on a larger 
scale, A 26-in. discharge pipe in the 
Oeyhausen shaft was protected on the 
inside with cement. The coating re- 
mained unchanged for 2 years, wliile 
the pump was in constant operation. 
At the beginning of last winter the 
pump was stopped, and the pijie l)eiug 
no longer under water the cement was 
so much injured by the frost that it 
scaled off. Several other experiments 
wore made with similar results. The 
pipes should be new, or, if old, well 
cleaned from rust liefore applying the 
cement, which is mixed as thin as is 
possible without injury to its tenacity. 
The pipe is moistened before the 
cement is applied, a thin coating of 
cement is put on and allowed to dry ; 
when hard it is moistened, and a second 
coating is applied ; and so on four or 
five times. The operation cannot l)e 
conducted so well in very hot weather, 
as the cement dries too quickly ; nor 
must the pipes be exposed to frost 
during the operation or afterward. 
This unfortunate sensitiveness to cold 
may perhaps yet be overcome by inter- 
posing some semi-elastic material be- 
tween the iron and cement. (‘ Iron.’) 

The cement being a dbmpound of 
lime would g^obablyowe its efficacy 
to tills fact. See next paragrajffi. 

(13) Lime as a Preventative of 
Rust . — Of l^te years it has been recog- 
nised that lime — ordinary builders’ 
lime — when in contact with iron, 
opposes the rusting process. Small 
bright go^s, as surgical needles, 
buckles, scissors, etc., if kept in paper 
with lime dust just dusted on them, 
escape rusting under usual conditions. 
To see to what extent lime had this 
property the writer made the following 
Experiment. Several 4-in. test tubes 
were filled with water, some with soft 
rain water, some with tap water which 
was fairly hard. In each tube two 
clean sewing-needles were put, and in* 
a certain number a small piece of lime 
^about the size of a pea) was added. 
The lime varied, so^ffbeing “quick,” I 


some slaked, some plaster, and in one 
case a piece of mortar. Some of the 
tubes were corked, some not. These 
tubes stood in an outhouse for about 
two months, then outdoors in winter 
weather, unprotected, for about three 
months. A few were frozen and 
broken, but in the remaining cases 
there was extraordinaiy proofiof the 
protective effect of the lime. In every 
case the needles that liad lime with 
them were absolutely like new. When 
restored to the work-box they were 
used as new ones. In all other cases 
the needles were a mass of spikelets 
of rust, rather worse with the rain 
water than the tap water. Those who 
have to do with water supplies know 
that in hard- water districts — the water 
having a percentage of chalk or lime in 
solution — plain iron pipes may be freely 
used, without any trouble occurring 
by their rusting, whereas in soft- water 
districts, the use of such pipes makes 
the water unfit for use by its red colour 
due to rust. The ai>plication of lime 
wash has been found beneficial in the 
case of rusty tanks and cisterns. 

(14) Sterliiufs process consists in 
the impregnation and saturation of 
the structure of the metal with a non- 
oxidising or non-oxidisable substance, 
by forcing it into the intercellular 
spaces of the metal by pressure while 
the iron is in an expanded condition, 
induced by heating. He gives one 
method by which his invention may 
be applied^ and which he recommend* 
as l^ii^ eminently practical and use- 
ful. A vessel of any suitable material, 
of sufficient strength, is made in the 
form and size best adapted to those of 
the iron article to be treated, with the 
lid so constructed that the vessel may 
be closed hermetically ; at the bottom, 
pipes are arranged for convemg steam 
and water alternately, for the purpose 
of heating and cooling the intenor. 
Connected with this vessel is a force- 
pump, for producing the necess^ 
pressure, and appliances for obtaining 
a vacuum. The iron to be trjated is 
heated to the desired temperaybure, 
placed in the above vessel, the top is 
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closed hermetically, and dry or super- reason of the expansion or contraction 
heated steam is turned into the pipes of the iron with variations of tempera- 
at the bottom to keep the metal at ture. It is" however, remarkably 
the required temperature ; also, at adhesive, impervious to water, and is 
the same time, an atmospheric vacuum very difficult of solution in essential 
is produced by an ordinary air-pump oils, spirits, or naphtlia, and even in 
connected with the chamber ; the bisulphide of carbon. Another im- 
proper quantity, sufficient to fill the portant advantage of linolein is that 
vessel^ of pure paraffin or fwraffin in it expands in drying, which jjeculiarity 
solution with one of the pure mineral adapts it to iron surffices ; since cracks, 
oils, having been also previously heated however minute, resulting from shrink- 
to the retjuired temperature, is now ages, expose enough of the metal to 
let into this chamber and forced under afford a chance of corrosion, which 
pressure into the intercellular spaces will spread in all directions, under- 
of the iron, those having so enlarged mining the piiiit and causing it to 
by the expansion of the mcttil from scale off, besides discolouring it. With 
the heat and removal of the atmos- all its ^vantages, however, the best 
pheric pressure as to readily admit linseed-oil iwiint is but poorly adapted 
the hydrocarl)on preservative. When to long service as a protection to iron 
the iron has remained under this liquid surfaces exp<-)8cd to extreme variations 
pressure a sufficient time it is gnwlu- of temperature and to all kinds of 
ally cooled by turning cold water weather. Even the continuous film 
instead of steam into the pipes, tlie of linolein, notwithstanding its coin- 
pressure being kept up, however, pactness and the additional substance 
until the iron is cool. Certain quah- afforded by the body of the point, 
ties of iron- may be treated without gradually loses its toughness, curls up, 
the atmospheric vacuum, but os the and peels off. If chipped by accident 
iron expands very much more, while i liefore it has lost its hold on the iron, 
greater pressure is obtainable by its we find, if we carefully examine the 
employment, and the additional cost exposed spot, tliat a thhi film of oxide 
is not to be considered, he reconimends has formed under it. This fact ac- 
its use as desirable. (‘ Van Nostrand’s counts for its diminished adhesion. 
Magazine.’) Iron, in uniting with oxygen to form 

(16) In mixing paints for iron sur- a rust, increases its bulb in proportion 
faces it is of the first importance that to the amount of oxygon it has taken 
the beat materials only should be used, up, and necessarily occupies greater 
Linseed-oil is the best medium, when space. In a word, it 8T.’ellB, and in 
free from admixture with turpentine, so doing pushes off from it the paint 
A volatile oil like turpentine cannot be film, which sooner or later drops away 
usedwithadvantageon a non-absorbent from it. This undermining action of 
surface like that of iron, for the reason rust is the chief difficulty to be con- 
that it leaves the paint a dry scale on tended with in effectually pre^rving 
the outside, which, having no cohesion iron surfaces by means of paints or 
can be readily crumbled or washed varnishes. It is not improbable that 
away. Linse^-oil, on the other hand, the linolein, itself an oxide, may im- 
is peculiarly well adapted for this pur- part oxygen to the iron, and thus pro- 
pose. It does not evaporate in any mote rusting. This idea has been 
perceptible degree, but the large per- suggested by Prof. Williams in a 
centage of linolein which it contains recent treatise on the subject ; and, 
combines with the oxygen in the air whilst purely speculative, it may ac- 
forms a sblid trsmslucent sub-* count for the oxidation of iron surfaces 
stance, of resinous appearance, which when to all appearance effectually pro- 
poBsesses much toughness and elas- tected by a co|^ of pEunt thick enough 
tioity, and will not crack or blister by and coutinu9Us f^uough to eikclude both 
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air aud damp. Iii stflectiiig a paint i 
for iron, mechanical adhesion is a con- 
sideration of the first injjportance. In 
this respect paints differ widely ; but 
it must be remembered that in paint- 
ing or varnishing a metallic surface, 
meclianical adhesion is all we have to 
depend upon. With absorbent sur- 
faces it is different. Prof. Williams 
gives it as his opinion, based on obser- 
vation and experiment, that pitchy or | 
bituminous films are especially effective 
as regards their adlicsion to iron ; for I 
example, solutions of asphalte, or I 
pitch, or petroleum, or turpentine. | 
These are also very effective as regards ' 
continuity, owing to the fact that in | 
drying they form plastic films, which 
yield with the contraction and expan- 
sion of the iron, and show no tendency 
to crack. If the surface is rusty, they 
penetrate the oxide scale and envelope 
the particles very efiectually, making 
them a portion of the paint. The 
solubility of such a film may be counter- 
acted by mixing it with linseed-oil. 
The experiment may easily be tried 
by mixing about two parts Brunswick 
black with one of red- or white-lead oi 
litharge. Ked-lead is the best for 
many reasons, if finely-ground and 
thoroughly mixed with linseed-oil. 
Any one of the several hinds of bitu- 
men may be usedj either natural 
mineral aspltalte, pine pitch, or arti- 
ficial asphalte, such as gas-tar or the 
residuum of petroleum distillation in 
cases wheil the crude oil has been 
distilled before being treated with acid. 
This gives a very hard bright pitch, 
which is soluble in “ once run ” para- 
ffin spirit, aud makes the base of an 
excellent cheap durable paint for iron- 
work in exposed positions. During j 
the past few years liave appeared many 
accounts of the preservative influence ; 
of paraffin when applied to iron sur- 
faces, and recommending it in all 
classes of ironwork which can be treated 
hot. The most effective mode of 
applying it is to heat the iron in vacuo^ 
in order to expand it and open its 
pores, when paraffin raised to. the 
proper temp^ture is poured into it. 


By this means the iron is penetrated 
to a sufficient depth to afford a very 
effectual protection against oxidation, 

I especially when a suitable paint is 
subsequently applied. * Any non- 
oxidisable substance would probably 
[ answer, but paraffin is as cheap as any, 

' and quite as good, if not better ; the 
exception os to quality being made in 
favour of some vitreous enamel,Vhich, 
wliile costing more, would certainly 
be more permanent in its results. 
Bruslied upon the outside merely, it 
is doubtful whether paraffin would 
have much effect upon the iron, while 
it certainly would tend to lessen, if 
not destroy, the iflechanical adhesion 
of a surface paint. There is no reason, 
however, why bridge- work, iron fronts, 
etc., should pot be treated with para- 
ffin before they leave the shops where 
they were made, which would greatly 
simplify the problem of their easy and 
economical preservation from oxida- 
tion. In the absence of such treat- 
ment, a careful coating with the paint 
above de8cribe<l will probably prove 
I the most effectual means of protecting 
I ironsurfaces, (‘Amer. Painters’ Mag.’) 

I (16) To Coat Stoves, Tools, etc.-^ 
Metallic tools and other articles, pjir- 
ticularly those of iron and steel which 
I are used in laboratories and other work- 
i shopswhereacidvapoursaroof frequent 
occurrence, can be protected with a 
lustrous black coat which resists adds, 
and is but little affected even by a low 
red heat, as follows : Have a sheet- 
iron box constructed large enough to 
hold all the articles to be coated, and 
provided with a false bottom of wire 
netting about in, above the actual 
bottom. Underneath this wire net- 
ting is placed a layer of crushed 
blacksmith’s coal about | in. deep; 
then place the articles, which must he 
entirely free h*om rust, clean and 
polished, upon the wire net. The 
box is then covered with a well-fitting 
lid and set on a strong fire, widen 
causes the coal io give off tairy con- 
stituents, the heat being continued 
until the bottom of the box i« at a red 
heat. When dl evolution of ga§ has 
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ceased the box is allowed to become 
cold, and the articles are biikeu out, 
and will be found covered with a 
beautiful glossy coat. 

(17) WarIVs Imxidising Process . — 
This process is based upon the simul- 
taneous employment of silicates and 
heating. The cast or wrought iron 
articles are coated by means of a 
brush or by immersion with a silicate. 
This coating dries quickly, and when 
the articles are exposed to a suitable 
heat liquefies, penetrates the pores 
of the metal, and after cooling forms 
a dense uniform coating of a dead- 
black colour, which docs not change 
by the action of* the atmosphere 
nor crack off from the article. By 
adding to the silicate pigments used 
for colouring glass, decorated surfaces 
of great bmuty may be obtained, 
which are far superior to those pro- 
duced in the onlinary manner by the 
application of paint. 

(18) Inoxidising Process for Cast 
Jrm. — The cast iron articles, entire 
gas-chandeliers, water pijies, ornamen- 
tal pieces, railings, kitchen-pots, etc., 
are placeil upon an iron carriage and 
first exposed in a reverbei-atory fur- 
nace of special construction at a tem- 
perature of from 1112° to 1292° F, 
for 16 minutes to the oxidising, and 
then for 20 minutes to the reducing 
action of gas generators. After re- 
moval from the furnace and cooling, 
the inoxidised articles acquire a uni- 
form slate colour ; they may, however, 
be enamelled and decorated in any 
manner desired, In applying the 
enamels pickling with acid is not neces- 
sary, and consequently the enamel 
adheres very firmly. Various articles 
exposed in the Of)en air for two years 
to all kinds of atmospheric influences 
showed no trace of deterioration. 
Numerous experiments have demon- 
strated that the tensile strength of the 
iron is but little decreased by inoxi- 
dation, in fwt, no ntore than by an- 
nealing. As regards the durabih'ty of ^ 
the surface layer vnth a high load, it* 
has beext determined that from 
wrought iron bars it cracked off in t^e 


I form of small lamina with an average 
tension of 4000 lb. , but from cast iron 
it did not crac]»>off oven with a breaking 
load. 

(19) Bower ‘Barff Process.— 
this process, as now worked, is as 
follows : The iron goods, whether 
rusty or not, are, without preliminary 
treatment of any kind, placed ,in a 
suitable cbiraber sufficiently capacious 
to hold about one ton weight of con- 
tents, and tliis chamber is heated by 
the combustion therein of carbonic 
oxide gas, produced near at hand by 
several gas furnaces, an excess of air 
over tliat requisite for combustion 
being admitted also into the chamber, 
after liaving been heated in its pvssage 
through coils of pipes placed immedi- 
ately underneath the operating cliam- 
ber. A film of magnetic oxide forms 
upon the immediate surface of the 
iron articles, and this appears to be 
surmounted with one of feme oxide 
(FcjOj) and it is by the subsequent 
reduction of this substance by means 
of carbonic oxide that the coating of 
magnetic oxide is increased to the 
requisite extent. In brief, the excess 
. of air present in one stage of the pro- 
• cess seems to form ferric oxide, and 
when the proportion of air present is 
reduced (as it' may be at will) so that 
carbonic oxide is presenf^^, then the 
ferric oxide becomes reduced to the 
lower state of oxidation, its oxygen 
contributing to the product^pn of car- 
bonic anhytiride. The time required 
varies from 3 to 12 hours, and the 
magnetic oxide as thus form^ exhibits 
a very pleasing French-grey or leaden 
tint. Should the colour, however, l)e 
unsuitable to the intended use of the 
iron articles, the more costly metals 
may be deposited upon them. (King- 
zett.) 

Prof. Barff has at various times pub- 
lished further details of the results of 
the process. As to the action on the 
strength of the iron, bars treated have 
been tested for breaking and tensile 
strain, and the result is that the 
strength of the iron is not affected. 
The coating give# ^reat hanffiess to 
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the surface of inni, wtieii the coating 
is sufficiently thick (even less than 
in.). An ordinary ^ flat rasp will 
not remove it without great labour, 
and it resists emery powder, will for 
a long time resist a rasp, and reniovo 
pieces of steel from it. Sulwtances 
whicli adhere to iron, zinc, and enamel 
will not adhere to it. Sauce|)ans in 
which sticky substances arc cooked 
can be cleaned with tlie grejitest ease, 
after they have been oxidised, a simple 
wipe removing all dirt. A urinal in 
constant use for months had no 
deposits on it. Water was evaporated 
in an oxidise^l pin for six weeks — 
common tap water ; the water never 
boiled, but was slowly evapomted ; 
the deposit found was removed with 
a duster : it did not stick to the iron. 
This is a matter of great importance 
to boilers, and for pipes through which 
water is to be coni’eyed. Articles 
coated am be submitted to a high 
temperature, even a red heat, without 
the cojiting being injured or disturbed. 
At present iron wire amnot be treated 
successfully — the wire can lie treated 
and will not rust, but it cannot be 
bent to a sharp curve without the 
coating coming off. Riveted iron 
plates can 1^ most successfully 
treated ; the process •tightens the 
rivets and assist^ the caulking. 
Weights wefe treated for the Govern- 
ment, and submitted to tests, and the 
process is now recommended by the 
departmedl for the standard weights 
throughout the country. Prof. Barff 
lias not yet met with any sample of 
cast iron which could not be properly 
treated. Wrought iron requires a 
somewhat different treatment ; a 
lower temperature, about 900° F. 
(493° C.), suits it best, and steel also. 
It is not well to expose articles veiy 
different in bulk at the same time; 
all that are put into the muffle should 
be pretty nearly equal in bulk. For 
instance, very heavy articles, such as 
a 56-lb. weight, should not be treated 
with gutter spouts. Cast and 
wrought iron should not be tipated 
togetW. For the chamber at present 


in use, 2 ft. X 2 ft. 6 in., and 1 ft. 

6 in. high, the outlay on fuel for sub- 
jecting the articles within the chamber 
to superhaited steam for 10 hours is 
5tt. In a manufactoiy tlus cost would 
1)6 greatly reduced. A West Brom- 
wich firm, working the pitent under 
a royalty, inform liim that the cost 
will not approach that of galvanising 
iron, and he supposes that it w?ll little 
exceed tliat of the periodical three- 
coat paintings. The increase caused 
by oxidation can be estimated, and to 
fit nut and screw for each other, allow- 
ance must be made for this in casting. 
As to the treatment of riveted articles, 
and the danger tli&t the coating film 
would be removed, there is some diffi- 
culty in this ; he supposes boilers 
will treated in large chambers when 
made up. When the rivets are ham- 
mered or pressed into the plates, the 
coiiting is removed, and of course these 
s|)ot8 would be attacked by rust. The 
remainder of the plates might be pro- 
tected from abrasion ; the practical 
difficulty is to re-oxidise the rivets in 
Situ. To accomplish this he proposes 
to cover the baud of rivets with a 
porous cap of silicate cotton, and to 
subsequently re-oxidise that portipn. 
But even if tliis were not success^, 
the rusting of the rivets would be of 
little practical injury, as it would take 
HO many years to rust through a rivet, 
and the corrosion could not spread 
laterally, on account of the repellent 
character of the black oxide. As to 
the pressure of steam in the boiler, 
40 lb. is the extreme ; but they are 
obliged to use considerable force to 
effect the double object of keeping out 
atmospheric air and to efficiently oxi- 
dise the surfaces treated. The oxida- 
tion only proceeds till the pores of the 
iron are all filled up with black oxide ; 
but with very thin objects, great 
caution has to be taken, lest they 
should be oxidised through. 

(20) The method of preserving iron 
by forming an inoxidisable film or coat 
upon the surface ^ been tried in 
f^ce, the process adopted being 
modifii^ions of those patented by 
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Barff and Bower. According to Krafft, [ must pass very 'slowly. The interior 


Bourdon encloses the articles to be 
preserved in a cylinder closed at both 
ends by riveted plates, into one of 
which the sleam supply pipe enters, 
while the other is supplied with three 
openings. Into one of these a ther- 
mometer is fitted ; the second is sup- 
plied with a stopcock, through which 
to allol^' the water condensed to run 
off. This must be done frequently, as 
the steam must be as dry as possible. 
To the third is fitted an escape-valve | 
for the steam. The most favourable 
conditions for success are the follow- 
ing: — ^The pressure must amount to 2 
or 2^ atmospheres*, the temperature 
must be from 628'’ to 644°F. (330° to 
340°C,), and 6 hours must be allowed 
for the completion of the operation. 
A covering of a greenish-black colour 
is obtain^, which adheres firmly and 
is perfectly stable. The cylinder is 
placed in a sort of oven, maintaining 
its shell at about 930°F. (600°C.). 
The thermometer, plunged in the 
steam of the interior with its regis- 
tered part protruding so as to allow ob- 
servations, showed, however, only 
644° F. (340° C.). If the current of 
ste^m is stopped, the thermometer will 
almost instantly nse to 930°F. (500°C.). ■ 
The' coating is a perfect success ; care 
must, however, be taken that no jiarts 
of the articles are soldered together by 
tin solder, as the latter melts at 442°F, 
(228°C.). Even if the connection re- 
mains intact, there will always lie a 
few minute globules of solder detached : 
and> stains caused. Copper must be 
used instead. In further following up | 
his ex|>eriment8, Bourdon conceived 
the idea of replacing the steam by hot 
air. He proceed^ as follows : — A 
coil of pipe communicating at one end 
with the open air ascends gradu^dly 
through a reservoir heated to 248°F. 
(120°C.), whence it enters the cylinder 
in which the articles to be operated 

K are enclosed. This cylinder is j 
:ical with that used for steam, j 
The escape-valve leads into a tank con- | 
taining water, permitting a better 
reflation of the air current. Tt^ , 


pressure is but a little above one atmo- 
sphere, as the apparatus communicates 
with the open air. The temperature 
of the air in the cylinder is 636°F. 
(280°C.); the time consum^, 6 hours. 
A layer ^ in. in thickness is obtained, 
capable of resisting the action of emery- 
paper, and unaffected by dilute sul- 
phuric Eicid. The layer possesses a fine 
greenish-black colour. To ensure per- 
f^t success the articles must be sus- 
pended completely free. After remov- 
ing them from the apparatus, they are 
rubbed with a greasy cloth ; stains, if 
any, are remov^ with eniery-jmper or 
iron-dust. It has been found that 
with an elevation of temperature under 
pressure of one atmosphere a very 
thick layer is obtained, which, how- 
ever, scales off easily. The adherence 
is, therefore, a question of temperature 
and not of pressure, as was formerly 
supposed. Those pieces coated by hot 
air were for one month exposed to the 
weather without being att^ked in the 
least. On removal of the exterior 
black rind, a grey layer is discovered 
below the same, wliich to some extent 
becomes rusty on exposure. The rust, 
however, does not adhere as on metallic 
iron, but is easily removed by scraiang 
with a piece flf wood. This fact also 
applies to articleo coated by steam. 
L^t June, Bourdon tried the process 
j on 400 rifle barrels at once. Similar 
trials liavc since been hiade, showing 
the practicability of using it on a laige 
scale. The principal point is to obtain 
a current of air sufficiently abundant 
to secure a proiier thickness of the 
layer, but of a circulation slow enough 
to allow the air to act on the iron. 
The French Government has already 
adopted the process at some of its 
arsenal manufactories. 

(21) G. W. Gesner's process for 
giving articles of iron and steel a rust- 
proof coating is shown by the accom- 
panying illustrations, Figs. 19, 20, 
and 21, It consists substantially of 
a bench of two ordinary gas retorts 

E laced side by side in a furn^ heated 
y a grate. Each f etort is hea|^ to a 
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temperature of 1000-1200°F., as may 
be determined by the character of the 
articles to be treated. The latter are 
introduced by means of a crane and 
pulley, care being taken tluit they do 
not touch one another. After closing 
and testing the Detort, the hefiting con- 
tinues for about 2.0 minutes. Then 
steam is introduced into wliat Qesuer 
c 


more even in tone. In other articles 
no oil is use<l. 

To substantiate his claim that hydro- 
gen has a function in the creation of 
a rust-proof coating, Gesner quotes 
the following analysis, made by Still- 
man and Gladding, of New York, of 
a sample of the surface of cast iron 
prepared by the process : Carbon, 1 * 01 



PiQ. 21. 


calls a “hydrogen generator, ” shown, in 
Figs. 20 and 21. It is a simple pipe, 
open at the rear end. Gesner claims 
that in the passageof the steam through 
' this generator liydrogen is generated, 
which fills the retort. This operation 
goes on for 35 minutes, at the end of 
which time \ pint of naphtha is per- 
mitted to flow into the retort for 10 
minutes. The flow of hydrocarbon is 
then stopped, and the steam which has 
been allowed to enter the generator 
during the whole operation is continued 
for 15 minutes longer. The whole 
time employed in the operation is 
therefore 1 hour and 20 minutes. The 
“purging-pipe,” which dips into an 
open vessel of water, as shown in Fig. 
19, to the depth of IJ in., carries off 
any exbess of gases produced in the 
opei^tion. In cases where articles 
treated tw« ornamental, such as art 
hardware, they are given a b&th of cold 
wliale oil 5r paraffin oil to render them 


per cent. ; hydrogen, 0 ’ 22 per cent. ; 
sand, 6*70 per cent. ; and iron, 66 ’10 
per cent. Th« chemists add that the 
iron is present as pietallic iron and as 
oxides of various constitution. 

(22) A simple and economical way 
of tarring sheet iron pipes to keep 
them from rusting is the follhvidng : — 
The sections as made should be coated 
with coal tar and then filled with light 
wood shavings, and the latter set on 
fire. The effect of this treatment virill 
be to render the iron practically proof 
against rust for an indefinite period, 
rendering future painting unnecessary. 
In proof of this assertion, the writer 
cites the example of a chimney of 
sheet iron erected in 1866, and which, 
through being treated as he describes, 
is as bright and sound to-day as when 
erected, though it has never had a 
briitdiful of paint applied to it since. 
It is suggested that by strongly heat- 
ing the iron after tar is laid on the 
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outside, the latter is* literally burnt 
into the metal, closing the pores and 
rendering it rust-i)roof ,in a far more 
complete manner tlian if the tar itself 
was first made hot and applied to cold 
iron, according to the usual practice. 
It is imp(frtant, of course, tlifit the 
iron should not be made too hot, or 
kept hot for too long a tinie, lest the 
tar should be burnt off. Hence the 
direction for the use of light shavings 
instead of any other means of heating. 

(‘ Gas Light Journal.’) 

(23) Grace Calvert some years ago 
drew attei\,tion to the fact tliat steel 
after immersion in caustic soda or 
caustic potash is preserved from lia- 
bility to rust. This apparently valu- 
able information does not seem to liave 
been acted upon by chronometer makers 
and others, to whom any method of 
securing immunity from rust would 
be of considerable service, llalance 
springs for clmonometers have been 
occasionally coated with collodion, but 
the thickness and rapid decay of this 
film interferes with the timekeeping 
of the chronometer, and is therefore 
objectionable. On inquiring of one 
chronometer maker, we were told that 
he liad treated some springs with 
caustic soda at the time Calvert pub- 
lished his work, and tbvt*these springs 
were still free from riist ; but as they 
had not lieed exjwBed to damp with 
other springs not so treated, he was 
unable to deduce any opinion as to 
the advantSge of the process. So it 
is generally. Practical men are con- 
tinuously occupied with their work, 
and liave unfortunately no time for 
experiments, though they suffer day 
after day from an evil the removal of 
which is probably within their grasp. 

( ‘ Mechanical World. ’) | 

(24) To preserve iron from rust in 
Ceylon it requires to be first well 1 
scraped and cleaned ; and if for outside 
work, such as bridges, roofs, girders, 
etc., it should be well coated with tar 
paint. The following receipt will 
found to answer well, viz., coal-tar 
9 gal., slaked lime 13 lb., turpentine 
or naphtha 2-3 qt. tThe use of the 


lime is for neutralising the free acid 
in the tar. This paint is very fluid, 
and well adapted for roofing, galvanised 
or black corrugated iron, etc. 

(25) Too much stress cannot be laid 
uiJon the condition of the surface of 
the iron at the time of coating ; and it 
is perfectly essential either to have’ a 
dry surface or else a' comijpsition 
which is not aflected by water. Prof. 
Ijcwes remarks that when an old iron 
structure is broken up, on the backs 
of the plates may often be seen the 
numbers imnted on them in white 
lead and linseed oil when the work 
was put together, and under the paint 
the ii’on is in a perfect state of preser- 
vation, the secret being tliat the paint 
was put on wliile the plates were hot 
and dry. 

Compounds prepared with boiled 
linseed oil are ojien to objection on 
account of the presence of lead. The 
drying of boiled linseed oil is due to 
the fact of its containing a certain 
quantity of an organic compound of 
lead ; and the drying projierty is, 
moreover, imparted by Ixiiling it with 
litliarge (oxide of Ictul), so that lead 
compounds are present even when the 
oil is not mixed with red or white lead 
pigment. When boiled oil dries, it 
does BO by absorbing oxygen from the 
air, and becomes converted into a 
kind of resin, the acid properties of 
which also have a bad effect upon iron. 
Protectives of the class of tar and its 
derivatives, such as pitch and black 
varnish, and also asphalt and mineral 
waxes, are regarded by Prof. Lewes 'hs 
among the best. Certain precautions, 
however, must be taken in the case of 
tar and tar products, both of which are 
liable to contain small quantities of 
acid and ammonia salts. If care is 
taken to eliminate these, and if it 
could be contrived to always apply 
this class of protectives hot to warm 
iron, the question of protection would 
be practically solved ; bituminous and 
asphaltic substance^ forming an ena- 
mel on the* surface of iron which is 
free from the objections to b® raised 
agaipst all other protectives— that is, 
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of being microscopic-ally porous and 
therefore pervious to water. Spirit or 
naphtha varnishes are condemned by 
Prof. Lewes as open to several objec- 
tions. Varnishes to which a body has 
been given by some pigment, generally 
a metallic oxuIq, are preferable to the 
last class, if the ^Ivent used is not 
too rapid in its evaporation, and if 
care has been taken to select sub- 
stances which do not themselves act 
injuriously upon iron, or upon the 
gums or resins which are to bind them 
together and are also free from any 
impurities which could do it. 

At the present time, as the author 
truly remarks, the favourite substance 
for this purpose is the red oxide of 
iron ; but care should lie taken to ex- 
clude from it free sulphuric acid and 
soluble sulphates, which are common 
impurities and extremely injurious. 
The finest coloured oxides are, as a 
rule, the worst offenders in this respect, 
as they are made by heating green 
vitriol (sulpliate of iron), and in most 
cases the whole of the sulphuric acid 
is not driven off, the heat reejuired 
being injurious to the colour. The 
acid is often neutralised by washing 
th© oxide with dilute soda solution ; 
but very little trouble, as a rule, is 
taken to wash it free from the result- 
ing sulphate of soda, which is left in 
the oxide. The best form of oxide of 
iron to use for paint making is obtained 
bjy. calcining a good 8|)ecimen of hema- 
tite iron ore at a high temperature. 
When prepared in this way, it contains 
no sulphates, but a proportion of clay 
which is harmless if it does not exceed 
12-18 per cent. Paint makers can 
easily t^t their red oxide for soluble 
sulphates by warming a little of it with 
pure water, filtering and adding to the 
clear solution a few drops of pure 
hydrochloric acid and a little chloride 
of barium solution. If a white sedi- 
ment forms in the solution, the sam- 
ple should be at once reject^. 

In the application of a preservative 
coating to iron, Prof. Letwes directs, 
first, thorough scraping and scrubbing 
from all non-adherent old paint and 


I rust. New iroh should be pickled 
I with dilute acid to got rid, of every 
tnice of mill scale ; the acid to be 
neutralised afterward by a slightly alka- 
line wash, and this again to be washed 
off by clean water. U nder these condi- 
tions, and given a composition of good 
adhering properties, but little appre- 
J hension need l)e felt with regard to 
j the ravages of corrosion, the chief 
I remaining risks being from abrasion 
or other mechanical injury to the 
J composition, coupled with improi)er 
I constituents in itself. (‘ Scient. 
j Amer. ’) ^ 

MiBcellaneouB lleceiptB.— (a) 

! To Prevent Rvatinri, — Boiled linseed 
oil will keep polished tools from rust- 
ing if it is allowed to dry on them. 
Common sperm oil will prevent them 
from rusting for a short period. A 
coat of copal varnish is frequently 
applied to i)olished tcK)ls exposed to 
the weather. Woollen materials are 
the.best for wrappers for metals. 

(6) Iron and steel goods of all de- 
scriptions are kept free from rust by 
the following ’.—Dissolve J oz. cam- 
, phor in 1 lb. lard, take ott* the scum, 

1 and mix as much black-lead as will 
! give the mixture an iron colour. Iron 
' and steel and machinery of all kinds, 

1 rubbed over*with this mixture, and 
, left with it on foy 24 hours, and then 
j rubbed with a linen cloth, will keep 
j clean for months. If the macliinery 
is for exportation, it should be kept 
thickly coated with this tiuring the 
voyage. 

(c) Anti-ruai Vamiah , — ^Take the 
first three ingredients in a pounded 
condition, and digest them by a regu- 
I lar heat till melted, then add the tur- 
pentine very gradually, stining all the 
I wliile. Bosiu, 120 parts ; ^darac, 

, 180 ; gum lac, 60 ; essence of turpen- 
tine, 120. The mixture should be 
digested until solution, then add rec- 
tified alcohol, 180 parts. Filter 
through fine cloth or thick bibulous 
papers, and preserve, in well-stoppered 
tx)ttles or cases, 

(c^ Remmfing Ruat froin Steel. — 
Immerse the article to be gleaned for 
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a few minutes until all dirt and rust 
is taken off in a strong solution of 
potassium cyanide, sa^ about } ox. in 
a wineglassful of water ; take out and 
clean it with a toothbrush, with some 
paste composed of potassium cyanide, 
Castile soap, whiting, and water ; these 
last are mixed in a jKiste about the 
consistence of tliick cream. 

(c) To Protect Iron and Sted front 
RtutL — The following method is but 
little known, although it deserves pre- 
ference over many others : Add If 
pints of cold water to 7 oz. of quick- 
lime. Ret the mixture stand until 
the supernatant fluid is entirely clear. 
Then pour this off and mix it with 
enough olive oil to form a thick cream, 
or rather to the consistency of nielted 
and recougealed butter. Grease the 
articles of iron or steel with this com- 
jx)uud, and then wrap them up in 
paper, or, if this cannot bo done, apply 
the mixture somewhat more thickly. 

(/) To Protect Machinery from 
Rust. — Dissolve 1 oz. of camphor in 
2 lb. molten lard. Skin off the scum, 
then work in as much fine plumbago 
(black-lead) as will give it the colour 
of cast iron. Clean the machine and 
either smear with this, or apply warm 
with a brush. After \ day the parts 
may be wiped clean by a soft fine 
cloth lightly applied. 

ig) To Protect Pclished Surfaces 
from Melt some common resin 

in a potvand add a little olive oil. 
Remove the pot from the fire and add 
a little turpentine. Apply with a 
brush. The quantity of oil must be 
found by experiment, it being neces- 
sary that the coating, when col^ should 
adhere well, yet be slightly elastic so 
as not to chip off. 

Le4d.— ^ft water, especially when 
full of air, or when containing oi'ganic 
matter, acts upon lead in such a way 
that some of it is taken up in solution, 
and the water is poison^. Vitiated 
or impure air acj» upon lead in a some- 
what similar manner. Pure water, 
not containing air, do^ not act upon 
pure lead. TOen the water (^ntaiiis 
much oxygen, lead is oxidised ; 


and oxide of lead, a liighly poisonous 
Bul)stance, is to some extent soluble in 
water. If there is much carbonic acid 
present it converts some of the oxide* 
into carbonate of lead, which is almost 
insoluble, and therefore comi)arutively 
harmless. The watei% which act most 
upon lead are the purest and most 
highly oxygenated, also thosorpoiitain- 
ing organic matter — nitrites, nitrates, 
and chlorides. The waters which act 
least upon lead are those containing 
carbonate of lime and phosphate ctf 
lime, in a less degree sulphate of lime. 
Some of these form a coating on the 
inside of the pi{^ which protects it 
from further action. Some vegetable 
substances contained in water, peaty 
matter for example, also protect the 
pil)e, by forming an internal coating 
upon it. It appears therefore that 
liard waters, containing (as they gener- 
ally do) carbonate of lime, do not readily 
atfect lead. Soft waters, such as rain 
water, and water obtained by distilla- 
tion — water polluted with sewage — 
water in tanks having a muddy deiX)Bit 
— may all become poisoned when in 
contact with lead. The mud of several 
rivers, even the Thames, will corrode 
lead, probably from the organic matter 
it contains, but it does not necessarily 
follow that any lead has been dissolved 
in the water. Bits of mortar will also 
corrode lead. Vegetables and fotty 
acids arising from fruit and v^etables, 
cider, sour milk, etc., also act upon 
lead. 

(1) Prof. Emerson Reynolds has de- 
scribed a process for the protection of 
lead against corrosion, which is done 
by coating it vrith a film of sulphide of 
1^. He recommends the following 
method: Take 4 dr. solid caustic soda, 
dissolve it in 3^ pints water, and add 
to the liquid dr. nitrate of lead, 
or an equivalent of other lead salt, 
with 62 fl. dr. water ; raise the tem- 
perature of the mixture to 194^F. . 
(90° C.). If sufficient lead salt hu 
been added, th^ liquid will remain 
somewhat turbid after heating, and 
must then berapidly struneR ormtered 
through asbestos, glass-wool, or other 
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suitable material, into a convenient 
vessel. The filtered liquid is then 
well mixed with 25 fl. (h-. hot water, 
containing in solution 1 dr. sulpho- 
urea or thio-carbamide. If the tem- 
perature of the mixture be maintained 
at about 168°P: (70® C.), deposition of 
Bulpliide of lead or galena, in the form 
of a fiqe adherent film or layer, quickly 
takes place on any object immersed in 
or covered with the Ihjuid, provided 
the object be in a perfectly clean con- 
dition and suitable for the purpose. 
When the operation is properly con- 
ducted, a layer of galena is obtained, 
which is so strong\v adherent that it 
can be easily polished by means of the 
usual leather polisher. It is not neces- 
sary to deposit the galena from hot i 
liquids, but the deposition is more 
rapid than from cold solutions. 

(2) Dr. Percy observes that in the 
collection of the Museum of Practical 
Geology, in London, are a number of 
very thin sheets of lead, coated with 
bands of varied and extremely bright 
colours. Although the atmosphere 
has had free access to these sheets for 
about 30 years, the colours are as 
bright as they were at first. The 
sheets were prepared at Beaumont’s 
smelting works, by dexterously skim- 
ming in the process of desilverising 
lead by Pattinson’s process. The 
colours are certainly caused by exces- 
sively thin films of oxide of lead of 
various thickness. 

(3) Applying an internal bituminous 
coating is said to be successful. 

(4) Boiling for 16 minutes in a solu- 
tion of sulphide of soda, by which the 
surface becomes coated with a film of 
sii^hide of lead, insoluble in water. 

Silver. — (1) To prevent silverware 
from tamiBhmg, it is only necessary to 
brush it over with alcohol in which a 
little collodion has been dissolved. It 
dries immediately, leaving a thin trans- 
parent invisible covering on the silver, 
w^h can be removed at any time by 
dipping the article (p hot water. 

(2) Silver paper. This is not the 
thin ephemeral-looking paper which 
the French are fond of calling pdure 


d’oignon, but a product discovered by 
a German pharmacist, and used, we are 
told, in some* of the large towns for 
preserving silver from tarnish of all 
kinds. Six parts ordinary caustic soda 
are dissolved in sufficient water, and 
the solution is diluted to 20° B. To 
this solution four parts oxide of zinc are 
added, and the liciuor is boiled until 
this oxide is dissolved. Sufficient 
water is now added to bring the solu- 
tion down to 10° B. Thin paper or 
calico soaked in this solution and dried 
will effectually preserve the most 
highly polished silver from the tarnish- 
ing action of sulphuretted hydrogen, 
which is contained in appreciable quan- 
tities in the air of all densely-inhabited 
localities. Several journals have men- 
tioned tills prepiration, but the exact 
manner of carrying it out is that 
given above from the German periodical 
in which it appeared. It is evident 
that not only silver objects may be 
preserved by this device for a consider- 
able time, but scientific instruments 
made in other metals might be pro- 
tected also during a long journey by sea 
or land from the oxidising influence of 
the damp air. All that is necessary is 
to wrap up the articles completely in 
the paper, so that no external air can 
come in contact with them. (Bur- 
goyne.) 

Zinc. — Damp air soon attacks zinc 
surfaces, but forms a film of oxide 
which arrests further corroaitve action. 
Should the air, however^ contain acid 
vapours, as it does in towns and near 
the sea, it is rapidly destructive. Soot 
is very injurious, forming a galvanic 
couple with the zinc, excited by the 
acid and watery vapour of the air. In 
contact with copper, iron, and lead, 
especially in the presence of moisture, 

I voltaic action is also set up, and soon 
destroys the zinc. This metal is also 
much affected by lime, even in the 
form of chalky water ; and by all adds, 

! oiganic not excepted, hence it shoidd 
not be joined to oak i^or placed where 
I urine may reach it. 
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Sand-Blast Processes. 

t 

(a) The sand-blast process consists 
essentially of some form of apparatus 
which sends a blast of sand from a I 
suitable nozzle, this stream of swiftly | 
moving sand particles, when directed ! 
against a glass, stone or metallic sur- I 
face, having the effect of pitting or , 
cutting the surface it strikes against, i 
The sand is fired out of the nozzle either I 
by compressed air or steam, and the | 
sand is carried out with the stream or j 
jet of air or steam so that the issuing i 
blast resembles a small but severe i 
sandstorm. Compressed air is more 
generally used, as the high temperature 
of steam cannot be l^me in many ' 
cases. For obscuring or frosting glass 
only a moderate strength of blast is j 
needed, while with a strong blast ! 
granite and marble can be deeply en- i 
graved, scale removed from iron, and | 
more difficult works effected. 

Of course if the sand-blast is directed 
against a plain unprotected surface the 
whole of that surface will be acted on, 
therefore to form or engrave designs 
on a surface some protective agent 
must be employed to those parts which 
are not to be effected or “ etched.” 
It will be understood that the best 
protective agent to, be employed is 
something t&t is more or less elastic, 
as such a substance is not easily eaten 
or worn away by the sand while the 
blast is dofbg its work on the unpro- 
tected surface. For glass, ordinary 
soft paper, like newspaper, is sufficient, 
a piece of this being cut out to the 
pattern required, and gummed or 
pasted on to the glass. The blast will 
then etch all the surface except where 
the paper is, so that when the paper is 
washed off, this part will be found 
clear glass. If the design is to be 
etched, then the paper is cut so that 
the design on the glara is left uncovered 
for the sand to act on. When a large 
number of pieces of glass have to bp 
etched to the same design, then, so the 
writer is informed, a paper or metal 
atenoU is cut and bytmeans of this the 
• 


design is put on the glass with quick 
drying paint (brunswick black), this 
being sufficient to protect the glass 
with the light blast u^d for glass 
etching. For stone or metalwork a 
tough elastic paper or cloth is fastened 
on to the surface as «described with 
the newspaper on g)ass. 

For a moderately strong co|itinued 
blast, such as is necessaiy to cut away 
the coloured surface of flashed glass (to 
leave red letters on a white ground, 
with ruby flashed glass for instance), 
any ordinaiy paper can be made suffi- 
ciently resisting by previously coating 
it (on the side that the blast will act 
on) with a mixtuib of equal parts of 
ordinary hot glue and glycerine. This 
gives a good elastic suriace. 

The sand used must be what is 
known as “sharp.” Sea-sand is un- 
suitable, for instance, as the constant 
motion has worn and rounded its sharp 
edges. Ordinary sand, if sharp, is 
quite suitable, and must be dry. It 
can be used over and over again until 
it is found to be losing cutting power. 
It does not require to be very fine. 
Oushed granite will serve the purpose, 
while emery has probably the greatest 
cutting properties of any commercial 
substance. TTie use of emery is referred 
to in describing the small etching 
appliance at the end of this article. 

(d) Clccmsiny Metals with the Sand- 
Blast . — In large establishments en- 
gaged in galvanizing cast-iron without 
previous grinding, the use of the sand- 
blast in place of the circular wire 
brush has recently been introduced 
with great advantage. Articles with 
deep depressions, which cannot be 
reached with the scratch-brush, as we31 
as small articles, which cannot be 
conveniently held in the hand and 
pressed against the revolving scratch- 
brush, can be brought by the sand- 
blast into a state of sufficient metallic 
purity for the galvanizing prooess. 
However, while the revolving scratch- 
brushes impart to the objects a certam 
lustre, they acquire by the sand-blast 
a matt lustre, and hence the* blast is 
also frequently used for the purpose of 
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deadening lustrous surfaces to their the scale and rust can be removed, 
entire extent, or of producing contrast ; and the paint applied to the clean 
for instance, matt designs upon a surface, they-* will have very little 
lustrous ground, or vice vcrsd. trouble in making it hold, and it is 

The compressed air, whose pressure also quite generally admitted that the 
must be at least equal to an 18^ in. | most successful way to do this is with 
column of water, passes through the : the sand-blast ; but the question of 
blast-pipe into a nozzle running hori- getting a machine to successfully apply 
zontally, and 'carries away from there ■ this sand-blast is one that lias bothered 
a jet of sand which falls into the out- a great many. 

flowing blast, and is hurletl upon the , The sketches. Fig. 22, are designs 
objects placed under the nozzle. The j used in the Aurora shops, and two 
objects rest upon sheet-iron plates or ; years of experience liave proved this 
in boxes of sheet-iron, which, moving arrangement to be practical, successful, 
ata^low rate, pass under the nozzle, j and cheap. 

To j^veut dust the machine can be | At the left is an ordinary tank, 
provided with a wooden or sheet-iron i porUiblo, for holding the sand. This 
casing, a few windows allowing a view ! tank can be moved wherever required, 



Fig. 22. 


0t the interior. The sand used in . as the air is supplied with a hose, 
blasting collects in a box and is re- The size of the tank can be varied to 
turned to the sand-reservoir by an suit local conditions, e^ke air is 
elevator. applied on top of thousand, and also 

The jet of sand acts not only upon at the combining nozzle jto ensure a 
the upper side of the objects, which it steady rapid flow of sand. The nozzle 
strikes first, but also almost as ener- used is an ordinary piece of iron pipe, 
getically upon the lower, so that, as a Mt being found cheaper to use a nozzle 
rule, the cleansing process is completed I of this kind, and renew it a little 
by one operation. Articles of a speci- oftener, than to make a hard steel 
aUy unfavourable shape must be passed nozzle which would probably last a few 
twice or three times under the nozzle, hours longer, as the sand in either 
(o) The question of painting loco- case soon destroys the nozzle.' 
motive tan^ so that the paint will The success of a sand-blast depends, 
last and not scale is one to which our | in a measure, on the velodty with 
locomotive painters all over thecountry | which the sand can be delivered against 
have given quitef a little study, and rthe iron. 

many jure the schemes and formulee I On the right is a storage reservoir, 
recommended for this class of work, wh^re the air from the compressor is 
It is admitted by all of them that if I pumped to 100 !b^ pressure! 
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^ There is an ordinary*6 in. Westing- 
house air-pump, and the air from the 
compressor runs this pump, and also 
delivers the air to the* air-pump at 
100 lb. pressure, being piped direct to 
the inlet-valves. By combining the 
air in this manner the pump will 
deliver the air to reservoir No. 2 at 
150 lb. pressure, and this pressure in 
turn is delivered to the sanding appa- 
ratus on sand-tank. The size of the 
high-pressure tank can be varied to 
suit local conditions ; but it is well to 
have this rather lai^e, so that when 
it is desired to sand a tank, the air 
stored up will last for some time, as 
the pump will not be able to compress 
air to the high pressure as fast as it is 
used ; but by having a lai^e storage 
capacity, and having the tank cliarged 
before the work is started, we are 
able to sand-blast a tank very quickly. 

After the tank has been very tho- 
rouglily sand-blasted, it has been found 
good practice to give it one coat of 
linseed-oil, and then wipe oif as much 
of the oil as will come off readily, and 
allow it to stand for twenty -four hours, 
to be sure that it is fairly dry, and 
then apply the paint in the regular 
way. (‘ Railway and Locomotive 
Engineering.’) 

(d) The sand-blast is upw put to 
many uses. One is the cleaning of 
ships’ hulls, this method finding favour 
in our dockyards for this and other 
purposes. Constructional ironwork 
can also be cteaned very effectively by 
this means, if it is situated where the 
flidng sand and dust are not objection- 
able. It will not only remove dirt, 
but also old paint if the pressure is 
BuflScient. 'Vi^en tried in New York 
it was found that an air pressure of 
20 lb. was sufficient, this being de- 
livered through 300 ft. of 1 J in. hose, 
and, af^ passing through the sand 
mixer, issuing from a ^ in. nozzle, 
Two nozzles cleaned 700 to 800 sq. ft. 
of surface per day. In cleaning the 
stone walla of a college, very effective 
work was done with an air pressure of 
12 to 16 lb. per sq. in. 

(0 A simple methu^ of seeing the 


effect of attacking a glass surface with 
slutrp grains of sapd-like material can 
* bo tried by a home-made contrivance. 
It is a device much in the nature of 
j a toy, yet in numberless ca^ a painter 
or glazier could use this means of 
etclung a small piece of glass to match 
a broken piece, or for any special 
purpose. It is easier* and quicker than 
the use of acid, or sending to a^lass- 
workers’ for a piece to be made. 

Fig. 23 shows nearly all that is . 
necessary to effect this. A box, like 
a cigar-l^x or a little larger, lias the 



piece of glass tacked, or otherwise 
secured, as shown ; the glass being% 
previously painted with the design, or 
a piece of cut paper pasted on it, as 
described in (a) page 47. The p^ 
of the glass wUch have no paper or 
paint on them and which are to be 
etched must be quite clean and have 
no gum or dirt on the surface. Now 
procure a small handful of ordinary 
lead shot, about No. 5 or 6, and about 
an egg-cupful of emery powder. This 
powder must not be tw fine, but more 
the size of sand, like a fine sharp grit. 
Put the emery and shot into the wz, 
close the lid, then shake the box up 
and down so that the shot will strike 
down on the g)ass. What first happens 
is that the emeiy gets embedded in 
the shot so that each shot becomes a 
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small ball covered with fine eme^ 
points, and as soon as the shot is in 
this condition ii- will be found to have 
quite a ’ rapid etching effect on the 
glass. From fifteen to twenty minutes 
shaking wilt be found sufficient for 
ordinary purposes. This simple appa- 
ratus can be used for metal if required. 
If the. box lid does not shut soundly, 
the joint can have paper pustetl over, 
though should there Ihj regular use 
for it a proper dust-proof box could 
be made for the purjwse. 




, Saws. 

SHARPENING, SETTING, PITCH 
OP TEETH, REPAIRS, ETC. 

(a) It is the practice of some men to 
set a saw and sharpen it afterwards 
while others reverse the two processes. 
In both cases good results are obtained, 
but the former practice is generally 
followed. 

It is not as widely recognised as it 
should be tliat the sharpening and set- 
ting of saws is work re<juiring great 
practice and skill, for there are so many 
things, and some of them apparently 
so trifling, that go to make tlie saw 
work and wear badly. If, for instance, 
a saw is sharp and newly set, it will 
not work proj)erly if the setting is 
irregularly done. The setting is per- 
haps of the greatest importance, yet if 
the sharpening is not done at a correct 
angle, the cutting will be bad and 
“ wedging ” result. The size of tooth 
and its pitch is governed by the work 
the saw is supposed to do. The 
dimensions are given a little furtheron, 
but it may be stated here that teeth 
of mixed sizes will not serve on one 
saw. The retting must be regular and 
not too great ; on the other hand it 
must be sufficient. The greater the 
set the more work there is involved in 
sawing. It might therefore be argued 
that the least possible would be 
best, but here the operator has to re- 
member that the wear of the metal, in 
work, must be allowed for, this reduc- 
ing the angle of the set by simple 
abrasion. 

Setting*.— The setting of a saw may 
be done in several ways. A professional 
saw-setter always uses a hammer and 
set-block, as these give good results 
in practised hands — hands (and eyes) 
that are unerring in affording just the 
needful blow and holding the saw at 
jwt the correct ai^le for accurate set- 
ting. Other tools are more fiivoured by 
the amateur, and it must be admitted 
that there are n(^,w tools to be had which 
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leave little or nothing to be desired ' 
in obtaining accurate results. Their 
only fault is that they tend the teeth j 
in operating, giving a more or less j 
circular set, whereas the hammer blow I 
carries the tooth over acutely or flat. 
The oldest form of saw-set is as Fig. * 
24, this bein(!|a steel plate with notches j 



Fig. 24, 


as shown, each notch being of a different ( 
gauge to take any thickness of saw. [ 
Tliis is distinctly a tending tool, and, , 
except in very practised hands, no two 
teeth will be tent to the same precise 
degree they should be. 

In setting by blows, the saw is laid 
nearly flat with its teeth along the ridge 
of a round-edged anvil held in a vice, 
of varying curve to produce an angle 
suited to the character of the saw, as 
Fig. 25. Alternate teeth are tlien 
struck in a most (lareful and uniform 



Fig. 2.') 


manner with a peculiar hammer as 
F!^. 26, the object of the blow being to 
bend every tooth in exactly the same 
degree sideways. When lialf the teeth 
have tetenso treated, thesawis reversed, 
and the second half are similarly served, 
only in the opposite direction. There 
is a risk of giving either too short or tbo 
long^: the former^ fcsults in bend- 


ing the tooth too sharply near the 
point, while the latter requires greater 
expenditure of force. Over-setting 
may be corrected by slight blows in 
the opposite direction. A very simple 



Fk.. 26. 


apparatus for bent setting may be 
made as shown in Fig. 27. It consists 
of a wooden framework a, carrying at 
the base a movable steel anvil />, each 
of whose eight edges may be cliamfered 
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Fiq, 27. 

to a different bevel. The frame- 
work also supports a steel punch o, 
free to slide up and down ; the end of 
the punch is bevelled, the angle corre- 
sponding (there are eight punches) to 
•the angle of the side flf the anvil to be 
used, wliich varies with the kindpf saw 
to be set. To set the saw, it is Md on 
! the anvil with the teeth overhanging 
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the bevel desired and under the line'of 
fall of the punch, which latter is 
applied to alternate teeth in succession 
by striking it with a liammer. The 
advantage of the apparatus is that the 
amount of setgiven to each tooth must 
agree with the bevel of the punch and 
anvil^ Fig. .28 is an ingenious set for 
fastening to a bench. 



For setting by hand leverage there 
are several tools to be obtained, new 
designs being of frequent occurrence. 
Figs. 29 and 30 will serve to show the 



is suited for every kind of saw and its 
o|teration may be described as follows : — 
Hold the sfllwou any level place, teeth 
upwards. Place the set on the saw as 
shown. The anvil b is movable up 
and down, and must be regulated to 
suit the distance that the operator 
desires to set his saw teeth down from 
their points. Care must be taken not 
to have the angle or the point where 
the bend is made below the base of the 
tooth. The nut or the screw a &stens 
the anvil in any desired position. The 
guard e, when moved forward, increases 
the amount of set to be given ; when 
moved back decreases it. The guard 
is made fut by the screw d. The set 
is operated by compressing the handles 
/, which carries the plunger g forward, 
and takes effect on the tooth of the 
saw c, as shown. Great care should be 
taken against setting saws too wide, as 
with too much latitude they will 
chatter and tear rather than cut, at a 
great cost of power and waste of mate- 
rial. All saws should be set or pressed 
into line three times to one filing, as 
constant use the teeth wear off on the 
outside at their points, causing them 
to heat and spring out of true, thus 
spoiling the saws, burning the wood, 
oonsuming]^power, and retarding the 
work. 

Filing^.— Both hapd filing and 
machine filing have their advocates. 
The former is generally more conve- 
nient, and may ^ rendffl[|;d sufficiently 
regular by means of guides. The 
latter gives greater speed and regu- 
larity at lees cost. 

For hand-filing the first requisite 
is a “horse” or Vice. Fig. 31 is 
an old form consisting m^y of 
two strips of wood (w]^h may be 
pine, but hard, wood is better), 
about 8 in, wide and in. thick, 
joined laterally by a wo^en screw 
passing through both at one end, 
and having their upper outside edges 
chamfered off. The toothed ec^ of 
the saw stands sufficiently high 
altove the clamp to allow, the ffie 
to be used m a slanting ^direction 
without coming ;'nto contact "with the 



principle underlying most of them, the I 
closing of a pair of handles causing a^ < 
compressive torde (much like a machine* 
punch) to be exerted against each saw 
tooth when brought into a prepay 
space in the tool. The latter design 
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clamp. The whole is held in a bench 
vice. 

The more regular forth of vice is as 
Fig. 32. The illustration shows the 




details, there being two jaws hinged at J teeth. 


free ends of these lower cro8s*pieces, 
they arc caused to tighten the jaws 
when they are pressed down in place 
with the foot. This is* all plainly 
seen in the illustration. 

To reduce the noise, occasioned by 
saw-filing, have a layer of leather or 
some folds of paper betw^een the saw- 
blade and the jaws of the vice? The 
blade must be held tight, as any jar or 
vibration prejudices the work. 

J ointing. — To put a saw in order, 
the first thing to bo done is to “ joint" 
the tops of the teeth, or render them 
uniform in length. This is termed 
“top-jointing” in straight saws and 
“rounding” in circular saws. To 
carry it out, Hodgson recommends the 
following cheap and expeditious 
plan. Procure a block of wood, 
in say 6 in. long, 3 in. wide, 1 in. 

I [ I thick, dres^ straight and 
true, then nail a similar piece 
on one edge, thus forming a 
corner in which to place a Se. 
The file can then be held with 
the fingers, or be secured in 
various ways. Place the file 
flatly on the teeth, apd press 
the larger block against the ' 
I jl^ side of the saw blade, then ffte. 
Li^ off the points of the longest 
teeth until the file just touches 
the extremities of the short 
It is important that the file 


the bottom and, when closed, tightened j be held in such a position that it will 
by a cam handle. This 
vice has to be secured in a 
stand or in another vice. 

Fig. 33 shows a good 
form of vice suited for 
largOT saws, yet being of 
Beryice for small ones. 

This consists of two side 
frames, each carrying one 
jaw at the top, these 
frames being hinged on 
the bolts of the upper 
end cross-pieces. The 

lower cross ■ pieces are Fio, 33 . 

bolted at one end only, * • 

the other end acting as a latch ^ to take off the’ points exactly right 
Bwure the whole wh^ the saw is in angles, with the blade, otherwise the 
between the^jaws. * 1 ^ sloping the teeth will be longer on one side than 





54 


Saws: Jointing. 


the other, which will cause the saw 
to deviate or “run” more or less. 
Gruushaw remarks that the operation 
is generally 'performed with a flat or 
“ mill ” file, although it may be done 
with a plane eipery rubber or a whet- 
stone. 

“ Side-jointing ” is the term applied 
to a pi^cess for correcting irregularity 
in the set, or preventing undue side 
projection of any tooth ; eacli ttK)th is 
thus made to do only its fair share of 
the work, and scratching or ridging 
of the sawn surface is avoided. It is 
most effective on swaged teeth, and is 
fKirforaned by a side file set in an ad- 
justable elamp as shown in Fig. 34. 



Filing Tools. — Very useful ad- 
juncts to inexperienced workmen are 
the so-called filing guides, which deter- 
mine the angle of contact and degree 
of force with wliich the file is applied. 
Fig. 35 shows a simple form, easily 
worked, and adapted to l)oth straight 
and circular saws. The saw is held 
in the clamp a. On the guide is a 
circular plate 6 graduated to a scale 
for setting the file to a bevel for either 
side or square across the saw. Legs 
c extend from the plate over the 
clamp into grooves in the sides of the 
clamp. On the nether side of the plate 
b are number of groov^ correspond- 
ing to the scale on the edge, and into 
which a raised rib on the arched •piece 


e engages, and is held in place by the 
thumb-screw d on the top of the plate. 
Through the ehds of the arched piece 
€ slides a rod /, to which are secur^ by 
screws the arms that cany the file g. 
By loosening the thumb-screw d, the 
file is readily changed to any desired 
bevel, and the handle of the tool may 
be lowcrctl. When the file is set to 
the reciuh'ed Isivel it is secured by 
tightening the thumb-screw d, and its 
pitch is regulated by a set-screw in 
the socket of tlie arm at the handle. 



During the oiKjnition of filing, the rod 
governs the pitch and bevel, so that 
every tooth is cciually filed. The ma- 
chine is adapted for full, hollow, 
straight-edged, or circular saws. A 
table is issued with the machine, giv ing 
the correct bevels and pitches W the 
various kincls of saw to be filed. 

Elkin’s patent saw sharpener. Fig. 
36, enables any person to accurately 
and quickly sharpen any straight saw, 
including rip, cross-cut, #mck, baud, 
jig, etc. It is a combination of clamps 
and adjustable guides, by means of 
which the saw can be firmly clamped 
and conwtly sharpened. The adjust- 
able guides can Iw so marked as to 
give the tooth the same bevel, pitch, 
and elevation. The machine is simple, 
strong, and durable in construction. 
It only occupies a space in inches 
of 16 by 3 by 3. For use, secure it 
to a bench with two screws, place the 
saw in the clamp, with the t^th just 
above the face or upper part of the 
I jaws— the liandle to the right. The 
I rod, upon wliich the travelling plate 
slides as each ^th is filed,, can be 
secured at any desired elevation by 
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means of the thumb-nuts at the ends. 
Having obtained the elevation, the file 
is brought across the sa^ at an angle 
corresponding with the bevel of the 
tooth, and there made fast by turning 
the thumb-screw beneath the travelling 
plate. In order to get the correct 
pitch of the tooth, the loose bushing, j 
through which the file carrier jiasses, j 
must be perfectly free, and by pressing | 
the file down Ixjtween the teeth, you 


cut. For small teeth at 60*^ it is con- 
venient to use a file which will sharpen 
the Isick of one tooth and face of the 
next at the same time. “Float”. or 
single-cut files are the l)e8t. Double- 
tapered triangular files are not to be 
recommended ; when, used, they 
sliould have a button at the point end. 
Files for Iwiid-saw's are made with 
rounded angles to suit the gullets of 
the teeth. Order and regularity in 



have the pitch. This bushing is held i 
in its proper position by a set-screw. ^ 
Always file from the handle toward I 
the point of the saw^ and never press | 
down upon the file when it is being 
drawn b^k. Having filed one side of 
the saw, it should then be reversed , 
with the Handle at the left. Then ' 
swing the handle of the file to the left, j 
bringing the file across the saw to the 
correct bevel. The pitch of the tooth 
is again to be obtained as l)efore. 

The files employed for sharpening 
saws include flat (“ mill ”), triangular, 
round (for gulleting), and special , 
shapes, varying of course in size and in I 
grade of out. The width of the file 
should always be double the width of , 
the surface to be filed. Preference is 
given to files in which the grade of the 
cut (distance between the teeth) ii^- 
creases progressively from point to 
heel ; with this exception, hand-cut . 
files are esteemed siyperior to machine- | 


filing are essential. Common rules for 
filing are : (1) File the faces before Ihe 
backs ; (2) if the teeth are to be square, 
file in regular succession — 1, 2, 3, 4 ; 

(3) if they are to have fleam, file 1, 3, 
5, 7, to right, and 2, 4, 6, 8, to left ; 

(4) file the fronts of all teeth set from 
you, and the backs of those set towards 
you. (Grimsliaw.) 

In sliarpeuing saws by means of 
emery wheels, the speed of the wheel 
has great influence on the cutting 
action. The coarseness or fineness of 
the grit composing the wheel must be 
suited to the nature of the work. The 
average speed of periphery adapted for 
most purposes' is 4500 — 6000 ft. per 
min., the slower speed being for wheels 
of 12 in. diam. and less. These wheels 
are only employed satisfactorily on 
large circular saws. 

Saw-T^eth.— 5V saw consists of 4 
parts— face, point, back, andigullet or 
th^t. Teeth vary in spacing, length, 
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angle, rake, set, fleam, and form of 
gullet. A saw blade may contain 
several kinds of teeth in succession ; 
but all teeth of a kind must be either 
quite uniform or arranged in a regular 
order of change. 

The following table includes saws 
generally used by. mechanics who work 
wood Jpy hand : — 


for liard and knotty wood, but for soft 
wood it is better that all the pitch 
sho^d' be op the cutting face — an 
upright edge with sloping back. For 
varied work the usual angle is 40°, the 
pitch being equally divided. Teeth of 
any angle but 60° are not so readily 
tiled with an ordinary file. 

The degree of rake may increase in 


Names. 

Length 

in 

Inches. 

Breadth 

At Handle. 

n Inches. 

At End., 

Thickness 

in 

Inches. 

Teeth to 
the 

Inch. 

Without Backs. 
Rip-saw 

28-30 

7 -9 

3 -4 

0-05 


Pine rip-saw . . . 

26-28 

6 -8 

3 

0*042 

4 

Hand-saw .... 

22-24 

5 -7J 

2J-3 

0*042 

6 

Cut-off saw .... 

22-24 

-7i 

2i-3 

0*042 

6 

Panel-saw . . . ‘ . 

20-24 

Ai-n 

4 -6 

2 -2i 

0*042 

7 

Fine panel-saw. . . 

20-24 

2 -2i 

0*035 

8 

Siding-saw .... 

10-20 


li-2 

0*032 

6-12 

Table-saw .... 

18-26 

lf-2J 

1 -U 


7-8 

Compass or lock-saw . 

8-18 

1 -li 

/ H 


8-9 

Key We or pad-saw . 

6-12 

M 

H 


9-10 

With Backs. 






Tenon-saw .... 

16-20 


3^-4} 

0*032 

10 

Sash-saw .... 

14-16 



0*028 

11 

Carcass-saw 

10-14 


2 -3- 

0*0*26 

12 

Dovetail-saw . 

6-10 


lJ-2 

. 0*022 

14-18 


Band-saw teeth should have a tooth 
space ^ual to } the width of the blade 
for soft wood, and | for hard, while 
ih» depth of the tooth in each case 
should be ^ the width of the blade. 

The length of tooth is governed by 
the hardness of the wood, the longest 
teeth being best adapt^ for wet, 
fibrous, and soft wotxls, as giving 
greater clearance ; but more care is 
needed in having a moderatef and r^- 
lar set. 

The a/ngle of saw teeth may vary 
between about fl0°'knd 40°, The fun- 
dfunenta^ angle is 60°. This may be 
in the form of an equilateral triai^le | 


(Holtzapfel.) 

c. 

proportion to the softness of the wood ; 
in ^rd woods it causes a tendency to 
spring in. It may also be greater in a 
circular saw on account of its greater 
spe^. Fig. 37 (from Grimshaw) shows 
various degrees of rake, the arrows 
indicating the direction of the strain. 

The set of a tooth may be either 
“ spring (bent) or “ swag^ " 
(spre^). The former cut only on 
one side, have more tendency to spring 
in, and are more subject to side stnuns ; 
t^e latter cut on botli sides, unless 
they are sheared, and they are less 
liable to sming in and suffer from side 
strains. The mo|e gummy the twood, 

* r 
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the greater set is needed. .Circular portion to the softness of the wood ; 
saws require more set tlian straight the spacing and depth of gullet should 
ones. • * be augmented for fibrous and porous 

The fleam or side angle of the teeth wood ; thin blade and slight set are 
varies from 80° or 90° horizontally for desirable for costly wood ; a thick 
hard woods, to 60° or 70° horizontally blade is demanded for hard wood, 
and H0° or 35° vertically for soft. It (6) Theoperationsenfeiled in keeping 

is most effective in the case of soft a saw in working order are threefold 

— filing, settiftg, and gum- 
ming. These will be de- 
scribed in succession. 

First of filing. It is a 
great deal easier to keep a 
saw sharp by frequent light 
file touches than to let it 
get BO (^ull as to need a 
long-continued filing down, 
after it gets so dull^ as to 
refuse to work. The saving 
in power, by using a sharp 
Ii'io. 37, saw, is very great. Thinner 

blades may be used than 
woods free from knots ; and should where the teeth are dull ; because the 
not accompany a bent set, as both duller thesaw, the more power required 
aggravate the tendency to spring in. to drive it tlu*ough the wood, and the 
The gullet or throat should, always more strain on each tooth separately, 
be roun ding and never square, as the and on the blade as a whole. For the 
latter condition gives a tendency to same reason, longer teeth may be used 
crack. Fig. 38 (modified from Grim- where they are sharp than where 

they are dull. The advantage 
of using sharp teeth is greatest 
in those saws in which the 
strain of cutting tends to de- 
form the blade — as in all ‘ ‘push 
• Fro. 38. cut ” straight saws and in cir- 

culars. (Grimshaw.) 

shaw) shows when the gullet requires (c) The saw, secured in a proper 
deepening, a process known as clamp, should be placed where a strong 
“ gumming." The tooth a is in per- light will fall on the teeth, so that the 
feet order ; h is still capable of doing filer can have the full advantage of all 
good work ; but o demands g umming , the light he requires. Should there be 
The higher the speed and the faster a deficiency of light the filer should 
the feed, the greater the necessity for provide a good lamp, and place a dark 
rounding the gullet, especially in bemd- shade between the light and his eyes, 
saws. Spaulding’s rule for finding the so that he can see at a glance when 
amount of gullet in sq. in. per tooth every tooth is filed to a comnlete point, 
for circular saws is to double the num- One careless thrust of the lie, when a 
her of cub. in. of wodd removed at tooth is filed enough, will do a saw mow 
one revblution, and divide by the harm than can be repaired by J hour's 
number of teeth. Insufficient gullet filing. A beginner should always take 
causes choking, heating, and uneven* a try-square and theisliarp point of a 
running.' small file, and make a hair-mark from 

The depth, fleam, hook, and rake the point of every tooth at'*a right 
of teeth may. incresae in direct pro- angle with the teeth on the sides of the 
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blade. This should be done when the 
points of the teeth are all at a uniform 
distance apart. Such marks will en- 
able the filec to keep the face of every 
tooth dressed at the most desirable 
angle. These directions, however, are 
only applicable to saws intended for 
cross-cutting. Beginners must always 
ezercisn unusual care when filing the 
back of each tooth that has been fin- 
ished. After the teeth are filed to 
complete points it is an excellent 
practice to go over l^em carefully with 
a half worn-out file, for the purpose 
of bringing the points to a more perfect 
cutting ed^e. (Hodgson.) 

Gumming. — Gumming consists in 
deepening the throat or gullet of a saw, 
and is effected by means of punches, or 
preferably by rotating steel cutters or 
emery wheels. Too often the gumming 
is neglected, more of the face of the 
tooth being filed away instead, thus 
reducing the diameter of the saws and 
causing waste. 

According to Duncan Paret, the 
simplest method by which solid emery 
wheels can be applied for saw gumming 
is by placing them on the spindle of 
the circular saw. The saw to be 
gummed can then be laid on the saw 
table, or supported in any convenient 
way. A simple way is to pass the end 
of a rope with a small cross stick on it 
through the eye of the saw, and thus 
suspend the saw so that it swings 
evenly balanced just in front of the 
emery wheel. The weight being thus 
carri^, the operator only has to use 
his liands to guide the saw against the 
wheel. Where expensive machinery 
is scanty, and where people are slow 
to introduce the latest improvements, 
there is a steady demand for saw- 
gumming wheels 14-24 in. in diameter. 
Where Hie latest improvements are 
quickly added, regardless of price, 
nearly all the emexy wheels used for 
saw gumming are 12-8 in. , none of the 
maclunes specially designed for saw 
gumming being intended to carry any- 
thing above a 12-in. wlieel. Emery 
wheels* are unfavourably contrasted 
with grindstones as causing a heating 


of the saw, but this can be obviated by 
using tjie wheel under a small con- 
stant stream of water. One advantage 
of a rotating steel-cutter gummer over 
an emery wheel is that, whereas an 
inexperienced hand can ruin a saw by 
case-hardening with an emery wheel, 
this cannot be done with a steel-cutter 
or “burr gummer.” Most of the 
emery gummers for circulars require 
that the saw shall be taken ofi' its 
arbor to be gummed : all burr gum- 
mers work with the saw in position. 
(Grimsliaw.) 

(d) The order followed in renovating 
the cutting edge of a saw should be 
(1) gumming, (2) setting, (3) filing ; 
but as the last named is often the only 
kind of attention the saw receives, it 
has been described first. 

(c) Having discussed the general prin- 
ciples on which the renovation of saw 
teeth is based, and detailed the manner 
in which the operation is conducted, 
a few illustrated examples may be 
given of the teeth of the chief kinds 
of saws in use (see Fig. 39). 

Hand Saws,— (1) Cross-cut saws 
(hand) vary from 12 to 32 in. in length. 
Their tooth edge should be straight or 
a trifle bulged in the middle. The 
teeth should be fully set and well 
jointed, u^hows the best tooth for 
cutting soft wood ; b is better adapted 
for w(^ of medium hardness and for 
mitreing soft wood ; c, for harder 
wood, has the back of the teeth filed 
square. For cutting timber the 
teeth are made much larger, but 
resemble those in i, the set being 
increased with the wetness of the 
wood. The long cross-cut saw for 
two men is toothed as at the cut- 
ting edge of the saw being appreci- 
ably highest in the middleandgradually 
tapering towards each end ; the bevel 
shown is adapted to soft or wet wood, 
and must be lessened for harder or 
drier material. k rejjresents an 
American hook tooth, which is based 
•on the principle that while Hie fleam 
teeth or knives are cutting into the 
wood, the hook teeth remove the 
“ dust. ” Thesei^sawi wmrk eaafly and 
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out rapidly. The rake of a croaa-cut 
saw is at the side. It ttiikes less 
inclination than the crtws-cut. The 
cross-cut requires finer and more par- 
ticular filing than the rip or web saw, 
and cannot be considered well filed 
unless a needle will travel down the 
angular groove which is formed by the 
line of alternating points of teeth seen 
in all well-filed saws. Wlien the 
teeth are so regularly forme<l that a 
needle will travel from end to end in 
the angular groove, and the points arc 
sliarp and keen, the saw will cut a | 


(Fig. 39) ; the former suits soft wood, 
while the latter is for harder wood and 
for mitreing. The thinness of the 
blade of the back-saw is compensated 
for by the stiflT back, which must be 
kept tightly in place. 

(3) The fleam tooth iS illustrated at 
f. It is only adapted for very clean 
soft wood, which it cuM rapidly and 
smoothly. It has no set, and is filed 
wliile lying quite flat. 

(4) Buck-saws are represented at g 
, and A, the former being for wet or soft 
I wood, and the latter for dry or hard. 




|^VvVv\\/V| 







kerf in the wood that will have a flat 
bottom. The last teeth of cross-cuts 
may be rounded at the points, to 
prevent tearing the wood when enter- 
mg and leaving the ^ut. 

(2) Back-saws aae shown at (Z and e 


(5) Web, scroll, and compass saws 
are best provided with teeth as shown 
at /, for whilst the^ have to perform 
both ripping and cross-cutting^ a tooth 
adapted for the latter wi)l perform 
the' former operation, though more 
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Blowly, but the converse rule does not 
hold good. Finer teeth will be neces- 
sary for hard wood. The backs of all 
saws of this class are made veiy thin, 
to avoid the necessity for giving a set 
to the teeth. 

(6) The rip-saw, for cutting wood 
longitudinally, requires an essentially 
differ^t tooth from the cross-cut. 
Fora vertical mill -saw, the best form of 
tooth is that shown at m, the edge of 
each tooth being spread out by means 
of the crotch-punch. An inferior- 
shaped tooth is seen at n, the setting 
being on one side of the tooth only, 
taking opposite sides in succession. 
0 illustrates the Sest form of tooth 
for a hand rip-saw, the action being 
pa^sely like that of a mortice chisel. 
The rake of a rip-saw is in front. It 
takes more inclination than a cross- 
cut. The pointo of the teeth should 
be trued with a straight-edge, as, in 
general experience, a rip-saw does 
more work, with greater ease, straight, 
than when either rounding or hollow 
on the cutting edge ; some good 
workmen, however, prefer rip-saws 
slightly hollow, not more than J in. 
in the length of the blade. The hand 
rip-saw is usually a few inches longer 
than the cross-cut, but has far fewer 
teeth. Rip-saws are often given too 
little rake and gullet. The first 6 or 
8 in. at the point of a hand rip-saw 
may have cross-cut pitch, to allow of 
cutting through knots without having 
to change the saw for a cross-cut. 

Oircular Saws. — (7) Circular-saw 
teeth generally have greater space, 
migle, and set than the teeth of straight 
saws. They should be filed on the 
under side ; wide|y spaced, very hook- 
ing, and with plenty of gullet to let out 
the chips. Teeth of circular saws can be 
gauged to exact shape by having a piece 
of sheet steel cut out to fit. Absolute 
likeness in all respectscanbe controlled 
by having a piece of sheet metal cut to 
the required outline and attached to 
an arm forming <jp radius of a circle 
from the shaft carrying the saw. 
Three ‘light filings are preferable to 
one heavy. The shape of undei;-cut 


teeth is apt to be altered in filing. 
The flaring sides of M teeth requme 
special files. , When a tooth is broken 
so as to be only slightly short, it can 
often be brought out to line by using 
the crotch-swage as a lever while 
hammering upon it. The saw should 
always be allowed to run free for a 
few minutes before removing it from the 
sliaft. Circular saws should always be 
cither hung up in a free perpendicular 
position, or Imd quite flat. Fig. 40 
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shows a series of circular-saw teeth of 
varying shape and rake. The softer 
the woijd, the greater rake admissiWe, 
In some cases (6, c) the back rake 
tends to reduce the acuteness, e is 
recommended for rippii% hard wood 
in winter ; c, for hard wood in 
summer ; y, for all kinds of wood in 
summer ; &, c, for harder'woods than 
when no back rake is given ; /, with a 
rounded gullet, 2 in. long for soft 
wood, If in. for hard ; A, i,j, k, n, are 
forms of ripping teeth Uttle used in 
soft wood ; I is popular in Europe ; 
m is a cross-cutting tooth, very liable 
to break on a knot in frosty weather. 
The question of few or many teeth 
in a circular rip-saw depends almost 
entirely upon the charaoW of timber 
being ripp^ ; and the feed per revolu- 
tion should made dependent upon 
•the strength of the teeth to resist 
breaking, and the capacity of the 
gullet to hold the cuttings. \ In a 
cro^-cut the conditions are diflerent. 
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To straighten a circular saw, get a 
hard-wood block 12 in. by 12 in. ; bed 
it on end on the ground (not floor) ; 
round the top off with J in. rise ; nail 
up a joist at the buck of the block 
for the saw to rest on ; let its face be 
an inch below the top of the block. 
Use a 3 or 4 lb. blacksmith's hammer 
for saws over 50 in. ; a lighter one for 
smaller and thinner blades. For large 
saws, the straight edge should be about 
^ in. thick, 20 in. long, in. wide 
m centre, 1 in. at end ; the edge of 
the straight side chamfered or rounded 
off. Balance the saw on a mandrel, 
and apply the straight edge ; mark 
the high places with chalk ; have a 
helper to hold the saw on the block, 
and hammer on the humps, testing 
frequently. (Grimshaw.) 

When a saw is not round, the defect 
may be corrected by adopting the fol- 
lowing directions : Take a piece of 
grindstone or a cobblestone and hold it 
against the points of the teeth while 
the saw is revolving, and thus reduce 
or wear down the most prominent 
teeth ; or a piece of red chalk may be 
held against the points, which will 
mark them in proportion as they are 
long or short, when the long teeth are 
reduced by filing. Circular saws some- 
times burst from what appear as un- 
known causes. Thera can be no doubt 
when a saw ^oes fly in pieces that a 
thorough investigation would trace the 
occurrence to one of the following 
causes : (l)*Square comers at bottom 
of tooth ; (2) Out of round, with the 
backs higher than the points, so that 
instead of cutting they scrape the dust 
off With the bac£ ; (3) Undue strain 
put upon the saw 1^ the plate rubbing 
against the timber, causing it to heat, 
which takes the life out of a saw. In 
a accent report of the French Society 
for Preventing Accidents from Ma- 
chines, a recommendation is made for 
the avoidance of the use of circular 
saws in workshops where practicable. 
The following are the reasons for thia 
recommendation: (1) Circular saws 
are dangerous to workmen ; (2) they 
require more power ^han other saws ; 


(3) they cut a broader line, and are 
consequently more wasteful. 

The speed of circular saws varies 
with the size, as follows : 8 in. 

diam., 4500 rev. per min. ; 12 in., 
3000; 16 in., 2200; 20 in., 1800. 
The speed for cross-cutting can be 
increased with advaqita^ 1000 ft. be- 
yond those used for ripping, ^y to 
10,000 ft. per min. Never cut stuff 
tliat measures more than the dia- 
meter of the saw. The manner in 
which a circular saw is hammered has 
much to do with thespeedat whichit can 
1)6 run, and often when a saw becomes 
limber and “runs,” it is the fault of 
the hammering instlad of the speed. 
When slack on the periphery it will 
not stand speed, and beco^ieB weaker 
and bends more readily when in mo- 
tion than when it is still ; on the con- 
trary, ff it is proi»rly hammered, a 
little tight, as it is termed, on the 
priphery, it becomes more rigid when 
in motion up to a certain limit. The 
theory of this is that the steel is elastic, 
and is stretched by the centrifugal 
strain in proportion to the speed, which 
is graatest on the line of teeto, and 
diminishes to the centre. If saws 
evince a tendency to spring and a wapt 
of rigidity, have them rehammered at 
once, before changing the speed in an 
endeavour to remedy the defect. 

Baud Saws.— (8) The band-saw is 
never used for cross-cutting, except 
whencutting scrollwork, andmaygene- 
rally be treated as a rip-saw. It 
requires special r^larity in shap and 
set of teeth to prevent it from breaking 
and from running into the work, m 
order to set up a jointed band-saw, 
the two tongues are introduced simul- 
taneously into the two correspond- 
ing openings, and the ends of the 
saw are pres^ together laterally, in 
such a manner as to cause the snugs 
on the tongues to engage with ot 
hook on to the beveM .edges in 
the openings, and the thin ends of 
the tongues then Ijp in the inclined 
recesses in the sides of the saw. WhttJ 
the prts are in this position, 4he two 
extremities of the saw cannot be sepa- 
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rated either by a considerable strain in 
the direction of its length or by a 
diminution of the tension. To dis- 
connect the ends of the saw, separate 
the hooked and bevelled edges by ap- 
plying lateral pressure, and at the same 
time draw tha ends apart in opposite 
directions. The junction of the two ex- 
tremities is effected by means of a hook 
or interlocking joint. A portion of the 
saw near each extremity is reduced in 
thickness in such a manner that, when 
the ends are laid together, the two 
combined do not exceed the thickness 
of the remaining part of the saw. Por- 
tions of the back and front of the ex- 
treme ends are also cut away, so as to 
leave narrow tongues at each extremity 
of the saw, and these tongues are pro- 
vided on op^site sides relatively to 
each other with snugs or hooks. In 
the thin portions at the extremities of 
the saw there are formed, at equal 
distances from the torques, two longi- 
tudinal slits or openings, presenting 
bevelled or inclined surfeces at the 
edges nearest the ends of the saw 
corresponding exactly to the snugs on 
the tongues. The opposite edge of 
. ewh opening is also bevelled or in- 
clined, but at a much more acute angle, 
so as to form a recess in the side of the 
saw for the reception of the extreme 
end of the corresponding tongue, which 
is suitably i^uc^ in thickness towards 
the extremity, in order to enable it to 
be well within the said recess. 

Where gas is used for lighting pur- 
poses, it ^ often employed for brsizing 
band-saws, and nearly in eveiy case 
where this is done the blade of the saw 
operated upon deteriorates, and break- 
gradually increase. As these 
breakages do not occur exactly at the 
joint no blame is attached to the use 
of gas, and the cause of continual 
failures is raijely discovered. A gas 
flame not only scales steel deeply, but 
also destroys its nature by burning the 
carbon out, and this occurs especially 
at the edge of the flame. Band-saws 
bra^ ly gas almost invariably break 
igain at a point some little distance 
from the previous fracture, at the 


point where the outer edge of the 
flame has damage<l the metal. The 
only really 8Q,ti8factory way of repair- 
ing IS to make a thick, heavy pair of 
tongs bright red hot, and clamp the 
joint with them. The heat melts the 
spelter instantly, and makes a good 
joint without scaling or damaging the 
^teel. The process is to first file the 
3n^ of the saw on opposite sides so as 
to form two wedge-sliaped ends for the 
length of two or three teeth. The saw 
hould then be secured on a rest or 
holder in perfect line, with one end 
lapped over the other. Damp the ends 
to be joined, and place between the lap 
a small quantity of brass spelter with 
A little powdered Iwrax ; heat a pair of 
tongs to a bright red, scrape ofl* all 
scale from the jaws, and close the 
tongs tightly on the ends to be joined. 
When the spelter is melted, slip off 
the red hot tongs, and slip on a pair 
of tongs that liave lieen warmed. 
Close these tongs very tight on the 
joint, and remove when the spelter 
has properly set. Now hammer the 
joint lightly, and file to uniform 
thickness with the rest of the saw- 
blade. 

For a joint which has to stand 
constant heavy strains and bending it 
is better to use an alloy of equal parts 
of coin-silver apd copper, melted to- 
gether and rolled out tWh. This alloy 
never burns, cannot be overheated 
and makes first-rate joints, which will 
stand hammering and 'bending to 
almost any extent. An excellent 
special solder, apparently with silver in 
Its composition, is that made byj. and 
C. Phillips, College Hill, London. It is 
called the “ Titan ” saw-brazing tape, 
it being made as a thin riband and sold 
in 1 oz. reels. This firm also has a 
good form of band-saw brazing tool 
outfit, as illustrated 41 and 

42. ^ It is suited for brazing any 
description of band-saw. It is pro- 
vided with planed surfaces with set 
^rews and spnngB fw holding saw in 
place wlulst being brazed and is held 
in any vice as shown. The method of 
using is as follow : The band-law to 
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*be brazed, after having its ejSfemities I affording any corresponding gain. In 
thinned down so that a lap joint can | sawing hard woods the speed should 
be formed, and care taken that the 1 be reduced. The Und-saw may be 
total thickness of lap iS not greater said to have a blade of superior thin- 
than the blade itself, is covered with ' ness, capable of tension ’in varying 
a mixture of brass solder and borax, ! dt^ees, moving in right lines through 
in a moist state. The tongs are then | the material at a speed ,tliat is almost 
heated to a good heat and closed upon | unlimited and can exceed that of cir- 
it. It is necessary to slacken a thumb* ^ cular saws, operatiilg by machinery 
screw to allow for expansion after the consisting only of rotating parts find of 
tongs are closed upon the joint. After I the most simple construction, the saw- 
cooling the joint, dress 
with a hammer, make it 
of even thickness, and set 
the teeth. 

The working action of 
a band-saw is, generally 
speaking, simliar to the 
working action of a cir- 
cular saw — continuous. 

Owing chiefly to the thin- 
ness of the gauge, the 
small area of the blade 
which operates on the 
wood at one time, and the 
constant cooling action 
which is going on as the 
saw passes through the 
air, a comparatively small 
amount of heat is engen- 
dered ; the saw, therefore, 
can be run at a consider- 
able speed without detri^ 
ment; On machines in 
which the saw-wheell are 
of small diameter, say 
below 36 inches, and where 
the arc of fontact of the saw on the dust all carried down through the 
wheels is necessarily more acute, the timber and oflering no obstruction in 
speed of the saw-blade should not following lines and peculiar adaptation 
much exceed 4600 feet per minute for to curved lines, 
all ordinary kinds of sawing. With “The speed of sawing, or the cost 
saw-wheels above 36 inches diameter, of sawing, which is much the same 
this speed may ' safely be increased thing as the movement of the teeth, is 
up to 6000 feet per minute ; tUs with the band-saw almost unlimit^. 
is, however, on the supposition that Its performance, contrasted with jig- 
the top wheel is of the lightest con- saws for cutting plain sweeps orscroU- 
struction, and is mounted elastically, work, shows a gain of lime or cost of 
i.e., has a spring or other adjustment 3 to 1, with the important advantage 
to allow for the expansion and con- of being easier to operate, and much 
traction of the saw-blade. There is more popular with workmen. Tl» 
no advantage in running band-sawl greatest objection 1® a band-saw is 
beyond 6000 feet per minute, as the that it cannot be used for.cutting 
risk of breakage is jnereased without inside work. Some workmen sflPW 
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clean through the stuff to get at the 
inside, when the nature of the work 
will admit of such treatment without 
weakening or injuring the design. 
Strips of thd same kind of wood as the 
design are firmly glued into the saw- 
kerfs when the work is completed. 
Of course, this method of reacliing 
inside cutting can only be adopted 
where*' the design is not intended to 
bear any strain. Many devices have 
been suggested for separating and 
joining band-saws, but most of them 
are unavailable or impracticable. One, 
however, enables the operator to sepa- 
rate the saw, pass it through a hole 
bored in the wood, and join it again 
in less time than it takes to disconnect 
the blade of a jig-saw, pass it through 
the wood and connect it again to the 
machinery. This arrangement gives 
the band-saw an important advantage 
over the jig-saw in its own special pro- 
vince, as it renders it possible for much 
thicker material to be sawn than could 
be done with the jig-saw, and the 
work will be better done in less 
time.” (Powis Bale). 

(/) Though the sawis by far the most 
important of any of the carpenter’s 
tools, how often we see a carpenter 
almost work the very life out of him- 
self with a saw in bad shape, and yet 
not do even a fcur day’s work. Again, 
how often we see mechanics leave an 
inside job (where the lumber was dry) 
with their tools in good order, and go to 
framing coarse, wet, cross-grained lum- 
ber. I^eir saws would cut fine until 
they got !n a little way, and then, as 
they would not be set enough for that 
kind of lumber, the saw would bind, 
and it would be almost impossible to 
continue to push it until the piece was 
cut, simply because there did not hap- 
pen to be a set on the job. 

How easy tj^ese hard, unsatisfactory 
days could have been made by simply 
laying the saw down on some studding 
or joists on the trestles, as shown in 
Fig. 43, and set with a common nail- 
set, which would* practically not dull 
itataU. 

* A common nail-set makes the best 


saw-set I know of to meet the emer- 
gency just mentioned. Many claim that 



Fig. 43. 


a hammer set is the only perfect set, 
while r find for general use the latest 
hand sets much more convenient. 

Fig. 44 shows the set in a 
saw, which should always be ^ 
just as little as possible and M 
have the saw run free. I 

F^. 45 is a rip-saw, which I 
should be filed square across I 
forall ordinary work. The set Pi 

gives all the bevel the teeth Fig. 44. 
need, as rip-saw teeth should 
march one after the other just like 
little chisels, and cut cleiir across the 
tooth and not simply cut on the out- 



. Fig. 45. 

side edge as a crCss-cut s^w, which acts 
more like knife blades on each side of 
the saw. 

Fig, 46 shows the “ joining” of a saw 
which is generally done with a flat file. 
A cut-off saw should be jointed round- 



Fig. 48. 

ing, while a rip-saw should be jointed 
perfectly st^ht, although many of 
^them are joint^ rouncUng, and some 
joint them hollowing. 

Fig. 49 illustrates a good way to file 
a cut-off saw tha^bas got into v^ bad 
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shape, After the teeth are all made 
even and the same pitch (or rake), then 
give it proper bevel. • 



Fig. 4l 


Fig. 48 shows a saw filed with about 
the right pitch and bevel for onlinary 
hard wood. 


I cuts off, or any similar saw, such as a 
rip-saw for cross-grained hardwood 
whore it has to do some cutting across 
the grain, or a cut off saw for sawing 
diagonal sheathing, or rafter cutting, 
which is as much ripping^ cutting off. 




Fio 48. 


Fig. 49 shows the proi)er pitch, bevel 
and fleam, which is the l)evel on the 
back of the tooth, for ordinary soft 
wood. . It also shows the file, whi<;h, 
as you will note, should point towards 



• Fig. 49. 


the point of tte saw. Not only is that 
ray opinion, mit all the Ixjst authorities 
I nave ever read on the subject give it 
the same way. Still, I am free to 
admit many good mechanics file just 
the other way. 

Fig. 60 gives the degree of pitch. 
Tooth and the dotted Imes show that 
the rip-saw tooth should be on the 
square, or at an angle of 90°. I used 
to file even just a little sharper than 
that. ' Tooth 2, which is 60°, is right 
for a general cut-off saw. If you wish 
the saw to cut fast, though possibly 
Itot quite as smooth, file it 70° or more < 
like tooth 3, while 4 shows a tooth 80° i 
W over, which is about right for a ' 
obmpaes saw that ri^ as much as it ' 


Fig. .61 is looking right down on t.. 
the edge of the saw, and shows that 
the rip-saw shoulil l)e filed square across 
or at an angle of 90° with the saw, ' 
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wliile a strictly cut-off saw at an angle 
of 46°, and for the different classes of 
work the file should swing at differ- 
ent points between 90° and 46°. 

Fig. 52 shows how the file should 
be held level for rip-saws, and some 
even hold it level forall saws, and others 
drop the handle so the peint is raised 
to about 80°. I seldom raise the 
point of my file more than 10°. 

Anyone who is willing to ^ve the 
•time required to keep a saw in good 
I order (and that time is time well 
I spent) ought to be interested ^oug^ 
in his. saw to secure a good one, evrih 
F 
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if it does cost a little more. A cheap 
saw is a poor investment at any price, 
for the files and time it takes to keep 
it in order -^Vould soon pay for the very 
best. 



While there have been no radical 
changes in saws in my time, yet there 
have been some improvements, the 
main improvement being in the per- 
fecting of the steel, until to-day we 
have silver-steel, which stands at the 
head. The perfection liandle, wliich 
is shown in Fig. 58 by the main lines, 



is also an improvement, while the 
dotted lines show the old style. The 
perfection handle is hung, as you will 
notice, more on to the saw, and places 
your hand nearer your work ; this 
makes the saw hang better,' and makes 
your day’s work easier. (Dwight L. 
Stoddard, in ‘ American Carpenter and 
Builder.’) 

(g) ConsidcfratioziB governing* 
the ^hape of Saw-teeth.— A con- 
lE^eration of the action of the saw in . 
cross-cutting timber settles the cutting 


edge, and the mode of sharpening. 
Taking our ordinary cross-cutting 
single-handed saw as the type, the for- 
ward thrust is intended to separate the 
fibres, and this not in the way of driving 
a wedge, but in the actual removal of a 
small piece by two parallel cuts. For 
example, if O 0» Fig. 64, be a fibre. 


Q 



Fig, 54. 


D 


then the action of the saw must be to 
cut clean out tlie piece a, 5, so making 
a space a, 6, wider tlian the steel of 
wliich the saw is made. The cleaner the 
cuts ad, b c are, the better. Now this 
clean cut is to lie made by the teeth 
advancing toward the fibre. If they 
come on in axe fasliiou, then the separa- 
tion is accomplished by the direct 
thrust of a sharp edge, in fact, by a 
direct wedge-like action. Now a 
wedge-like action may be the best for 
separating fibre adhering to fibre, but 
it is an action quite out of place in the 
crora-cutting of a single fibre, in which 
cohesion has to be destroyed. There 
is needed a cutting action, i.e., a draw- 
ing of an edge, however sharp, across 
the mark fbr separation ; this drawing 
action is very important. Admit for 
the present that such action is essen- 
tial,, then the saw-tooth as constructed 
does not supply it. Clearly the sharp 
edge must somehow or other be drawn 
and pressed as drawn across the fibre. 
Two ways of accomplishing this present 
themselves. The effect on the action 
of the workman is very different in 
these cases. In the :^t we must 
press the saw upon the fibre, and at 
the same time thrust it len^hwise. 
Now in soft timber, and wii^ a saw 
having teeth only moderately sharp, 
this pressure will tend rather to force 
the fibres into closer contact, to squeeze 
them amongst each other, to solidify 
the timber, and increase the difficulty 
in cutting. Two actions are here, 
pressure and thrust. In, the second 
case the pressfire miist be very light 
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indeed ; if otherwise, the point of the 
tooth will gather up more fibres than 
the strength of the worlcmg-n can separ- 
ate ; indeed, as a rule, in the cross- 
cutting of broad timber, with all the 
saw teeth in action, pressure is not 
required, the average weight of the 
saw-blade suflBcing for the picking up 
of the fibres. It is probably from the 
delicate and skilful liandling which a 
tooth thus constructed requires that 
hand-sawB are not more generally con- 
structed with teeth of this form. In 
addition to these there is the pene- 
trating tooth, as the points of the peg 
tooth and others. Whatever may be 
the form of the teeth, the small piece 
a 6, c d, Fig. 54, has to be removed 
so as to leave the ends from which it 
is taken as smooth and clean cut as 
possible, therefore the cutting-edge 
must 1)6 on the outside of the tooth. 
This being so, it follows that the act 
of severing a fibre will l»o attended 


conditions of the problems should be 
the form and set of a saw-tooth, 
would require more experimental 
knowledge and patient research than 
the subject seems to have received. 
There are more tlian pO different 
forms of teeth. Sheffield and London 
do not agree upon the shape of the 
handle. The Eastern herriispher^and 
the Western do not agree whether 
sawing should be an act of tension or 
one of thrust. 

The quantity of timber cut down 
in America must have led to investiga- 
tions with respect to saws such as the 
requirements of this ctuntry were not 
likely to call forth. Hence we have 
very much to learn from the Ameri- 
cans on this point. 

As it seems most judicious to in- 
vestigate the principles by considering 
a Iju^e and heavy tool, perhaps it may 
1)6 well to examine the largest handi- 
ciuft saw. This (Fig. 55) is a “one- 
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with compression, whose effect is to 
shorten it. Thus condensed it is forced 
up into the space between the teeth. 
If now this spa^e is not so formed as to 
allow the condensed piece to di op freely 
away so soon as the tooth passes from 
the timber, then the saw will become 
choked, and its proper action will 
necessarily cease. In large saws this 
is provid^ for in the shape of the 
"gums” in which the teeth may be 
said to be set. What in America are 
called " gums ” are frequently in 
England called "throats.” Saws 
cannot work easily unless as much 
care is bestowed upon the " throats ” 
or " gums ” as is given to the teeth. 
Any exhaustive attempt to deal with 
the considerations which present them- 
selves to one who enters upon the ques- 
tion, what under all athe varying 
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man saw” 4 ft. long, by Disston, 
Philadelphia. Long as the blade is, 
it is not too long. The travel is near, 
but still Avithin the limit of a man’s 
arm. To enter the wood, the teeth 
at the extreme end are used. These 
are strong, but of the form generally 
met with in the largest of our own 
cross-cut saws. The acting teeth are 
of an M shape, with a gullet or sp^ 
l)etween them. The angle at which 
the teeth are sharpened is very acute ; 
the consequence of this and pf thei’* 
form is that they cut smoothly as a 
sharp knife would do ; indeed, much 
as a surgeon’s lancet would. Some 
teeth are formed on the principle of 
tlfe surgeons lancet, «ftid these are 
called “fleam”- teeth. The spyiee 
between the M’s in the "one-man 
saw” are "gums” for the reception 


68 


Saws : General CorisideYatioiis. 


and removal of the pieces cut out of 
the separated fibre. Ip the particular 
case h>efore us, the M is J in. broad 
and. I in’ deep ; the upright legs of 
the M are sharpened from within, the 
V of the M ^’s sharpened on both sides. 
The legs are “set” to one side and 
the V to the other side. Thus ar- 
ranged, the saw cuts equally in ten- 
sion and in thrust, and the debris is 
brought out freely at each end. The 
M twth for this double-cutting re- 
sults from an observation on two 
carefully-toothed short cross-cut ele- 
mentary saws, where it will be noticed 
that the form of tooth to cut both 
ways, resulting from the combination, 
is M . The set of this large * ‘ one-man 
saw” is worthy of notice. An in- 
spection of the cutting points will 
show that each point is diverted from 
the plane of the saw blades not more 
than alx)ut ^ in. When the object 
of “set” is considered, it will be al- 
‘ lowed that so little is sufficient. 

The annexed diagrams (Fig. 56) of 
teeth of certain cross-cut saws used in 
America may illustrate the present 
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subject. A single tooth will in some 
ins^oes be bbserved between the 
teeth: this is a “clearance” tooth, 
■ and is generally shorter than the cut- 
ting tooth. Sometimes it is' hooked. 


as may be seen in c ; in such case it 
is shorter by in. than the cutting 
teeth, and^ acts the part of a plane 
iron % cutting out the pieces of fibre 
separated by the other or cutting 
teeth, which cutting teeth under these 
circumstancesare lancet-like sharpened 
to very thin edges. 

That the “ set ” of the teeth should 
be uniform in the length of the saw 
follows from a moment’s reflection 
upon the object of this set. If one 
t<wth projects beyond the line of the 
others, that tooth will clearly scratch 
the wood, and therefore leave a rough- 
ness on the plank. As more than its 
share of work is then allotted to it, 
the keenness of edge soon leaves it, 
and thus increases the labour of the 
sawyer. The American contrivance 
for securing a uniformity in the set of 
the teeth is the “side-file.” The 
three set screws determine the eleva- 
tion of the file above the face, mid the 
travel of the short length of fine cut 
file reduces all excessive “sets” to a 
uniform “set” through the entire 
length of the saw. 

The “crotch punch” is alro an 
American contrivance for obtaining a 
clearance set out of a spreading of the 
thick steel of the saw by an ingeniously 
formed angular,punch. 

It is occasionally required to saw 
certain cuts to the same depth, as, for 
instance, in the making of tenons. 
The saw to which the j+erm “ tenon ” 
is applied is more suited for cabinet 
than W carpenters’ work. However, 
an ordinary saw may be provided with 
a gauge, which can be adjusted so as 
to secure a uniform depth in any 
number of outs, and in this respect it 
is even superior to a tenon-saw, uid 
may be suggestive to some whose 
labours might be facilitated by the 
edition of such a contrivance. 

The rip-saw, considered as a onttiiig 
tool, may be likened to a oompotmd 
chisel, and the form of teeth which 
would operate with the least applica- 
tion of power would be the same as 
that of a morttting chisel ; but knots 
and hard we^ are oonditiQiis which 
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call for rigid teeth, rendering the chisel 
form impracticable, except for sawing 
clear lumber, and with aliigh de^e 
of skill in filing and setting. The 
limit of endurance of such steel as 
must be employed for saws will not 
admit of pointed teeth ; these will 
break in cutting through knots and 
hard wood, and no form of saw-teeth 
which permits their points to crumble 
and break should adopted. In 
actual practice, with the skilled filer 
there is a tendency to create pointed 
saw-teeth, and when there is a want 
of skill in the filer the tendency is the 
other way, and teeth unnecessarily 
blunt are common. “ The action of 
a saw when ripping or cutting with 
the fibres of the wood is entirely dif- 
ferent from that when cross-cutting 
pr severing the fibres of the wood 
transversely ; the shape of the teeth 
and the method of sharpening should 
therefore differ. In the case of a rip- 
saw the action of the saw is chiefly 
Splitting, the teeth acting like a series 
of small wedges driven into and sepa- 
rating the longitudinal fibres of the 
wood ; whilst with cross-cutting saws, 
the fibre of the wood has to be severed 
across the grain : it is comparatively 
unyielding, the teeth of th^ saw meet 
with much more resistance, and it is 
found necessary to ra^e the teeth 
more upright and more acute or lancet- 
shaped than for cutting with the 
grain. The flk;es of the teeth should 
^ sharpened to a keen edge, and for 
hard wood filed well liack, so that in 
work they may have a direct cutting 
action, sinular to a number of knives. 
Care should also be taken that the 
teeth are made of sufficient depth to 
afford a free clearance for the sawdust. 
This is an important point, too, with 
rip-saws. The teeth should also be 
equal in length; if not) the longest 
twth get the most work, and the 
cutting power of the saw is much 
lessen^. The length of the teeth 
should depend on the nature of the 
wood being sawn : for sawing sappy 
or fibrous woods, lon|, Sharp teeth 
are necessary, arrangea wit^ ample 


throat space for sawdust clearance ; 
care must be taken, however, that the 
teeth are not too long, or they will be 
found to spring and buckle' in work. 

In sawing resinous woods, such as 
pitch pine, the teeth of the saw should 
have a considerably coarser set and 
space than for hairi woods. lt*will 
also be found advisable — especially 
with circular saws — to lubricate the 
blades well, as the resinous matter is 
thus more easily got rid of. In sawing 
hard woods, either with recipnjcating 
or circular saws, the feed should 
not more than one-half as fast as for 
soft wood, the saw •should qontain 
more teeth, which should be made 
considerably shorter than those used 
for soft wood, roughly speaking, about 
J ; it is impossible, however, to make 
a fixed rule, owing to the great variety 
of wotidsand their different hardnesses ; 
the length of teeth which njay* be 
found to suit one wood well may in ** 
another case require to be increased 
or decreased. In cutting woods which 
are much given to hang and clog thei, 
saw-teeth, increment teeth may be 
used with advantage ; these are ar- 
ranged with fine teeth at the point of^ 
the saw, which gradually get coarser 
till the heel of the saw is reached ; 
thus the fine teeth commence the cut 
and the coarser ones finish it, obviating 
in a ^eat degree the splintering and 
tearing of the wood caused by coarse 
teeth striking the wood at the com* 
meucement of the cut. As r^^ards 
the angles of the teeth best adapted 
for cutting soft or liard w6odB, no 
absolute rule can be laid down. The 
following may be modified according 
to circumstances. If a line be drawn 
through the points of the teeth, the 
angle formed by the face of the tooth 
with this line should be : For cutting 
softwoods, about 66°-70° ; for cutting 
hard wood, about 80°-85°. The angle 
formed by the face and top of the 
|ooth should be about ^6°-50° for soft 
wood, and 65°-70° for hard. * The 
angle of the tooth found, best for 
cutting soft woods'is much more acute 
than for hard. Terms used in desorib- 
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ing the p^rts of a saw are : — “ Space ” : 
the distance from tooth to tooth 
measured at the points. “ Pitch ” or 
“ rate ” : the angle of the face of the 
tooth up wliich the shaving ascends, 
and not the interval l)etwceu the teeth, 
as with the threads of a screw. 
“Gyllot” or ‘Hhroat ” : the depth 
of the tooth from the point to the root. 
“ Gauge” : the thickness of the sjiw, 
generally measured by the wire gauge. 
“Set”: the amount of inclination 
given to the saw-teeth in eithei- ilirec- 
tion to olFect a clearance of the siivvdust. 
“Points”: small teeth are rc(5koncd 
by the iiumlxir bf teeth ])oint8 tt> the 
inch. *rhe chief facts to be Iwrne in 
mind in selecting a wiw ^^’ith the teeth 
best suited to the work in hand are the 
nature and condition of the wood to 
l)e operated on. No fixed rule c»n, 
however, )»e laid down, and the user 
must bo guided by circumstances. All 
■ saws should be ground thinner towards 
the back, as less set is thus necessary, 
the friction on the bltide is reduced, 
find the clearance for sawdust is im- 
proved. Care should also be taken 
that they are perfectly true and uniform 
in toothing and temper. The angle 
of the point of a tooth win l»e found 
by subtracting its Ijack angle from 
its front, and to do the bestand cleanest 
work this angle should be uniform in 
all the teeth of the saw. ” (M. i^owis 
Bale). 

How to use a Cross-cut Saw 
single-handed. — In Fig. 57 is 
shown a means of using a cross-cut 
saw single-Iianded, to cut down a 
standing tree, or it may l)e used to 
cut a horizontal trunk, if the trunk is 
two or three feet off the gi-ound. It 
will be seen tliat the sawyer takes one 
end of the saw, while a downward 
pull is exerted by an elastic pole 
^ured as shown. This polo would 
be about 1 inch thick and cut from the 
nearest sapling or hedge. It will be 
found that the pole not only keeps the, 
saw close to the work, but assists in 
hauling it as the sawyer pushes it from 
him. In felling a standing tree, the 
cut would only be made haff through, 


then the pole would be shifted to the 
other side and a new cut started on 
the side opp6site to the first one. By 
turning the illustration (Fig. 57) so 



tliat the saw is downwards, it will be 
seen tliat, by using a second jM>le, 
turned over in the opfxisito direction 
and secured to the other end of the 
saw, the sawyer can cut upwards single- 
handed. 
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Sealing-Wax. 

ft 

{See also Shellac.) 

The reain used for the best qualities 
of sealing-wax is shellac (bleached for 
light colours and best qualities, orange 
shellac for ordinary purposes) while 
ordinary resin (light or amber, or 
darker according to quality or colour) 
%ure8 in recipes for the cheaper seal- 
ing-waxes. 

Properties.— Sealing-wax should 
be gloB^, smooth, not too brittle, un- 
affected by the hottest weather, melt 
without emitting any smoke or nasty 
smell, have sufficient tenacity not to 
drop about when melted, and should 
produce a seal of its own lustre and 
colour. The cliief materials used in 
its composition are shellac and turpen- 
tine. The former is sometimes re- 
placed wholly or partially by other 
resins, such as saudarac, benzoin, 
mastic, resin and pitch ; and the latter 
by lialsams of Peru and tolu, and 
fragrant essential oils. In addition, 
there are some neutral substances em- 
ployed to augment the bulk, as gyp- 
sum, chalk, magnesium carbonate, 
zinc white, etc. , as well as the colour- 
ing matters. • 

Ingredients. — ^<Only bleached 

shellac is admissible for the finest seal- 
ing-wax, though pale samples may do 
for some l^ht-coloured grades ; the 
ordinary unbleached shellac is fit only 
for black and brown kinds of sealing- 
wax. Ofthe turpentines used, Venetian 
is the best ; but it may often be conve- 
niently replaced by a mixture of resin 
and oil of turpentine, which possesses 
an advantage in the feicility with which 
its fluidity can be increased or dimin- 
ished. The turpentine will usually 
need to be filtered, which is best 
effected by heating it in a water-bath 
at the boiling temperature, 21 2° F. i 
(100° C.), and passing it through linen, j 
Other resins, balsams, and essential 
oils are used only in minor quantities, 
and should always be selected of good 
quality. I 


Colouring Matters. — The 

colouring matters employed should be 
good of their kind, though substances 
of inferior tinctorial powei; (and there- 
! fore cheaper) are of course resorted to 
for common kinds of wax. 

! The most general colour is red. For 
fine grades cinnabar is necessary ; but 
it so increases the weight of t||B wax 
that neutral bodies have to be used 
with it to counteract this tendency. 
Cheaper reds are minium, colco- 
thar (Indian red), and bole. Madder 
lake is now replaced by coal-tar reds, 
of which the most fiery should be 
chosen. 

Yellows embraci lead chromate 
(chrome yellow), which is generally 
used with some neutral white body 
(as chalk) ; Cassel or mineral yellow, 
from fused litharge ; and ochre, which 
is too dull and unpleasant-odoured to 
be available for any but cheap sorts of 
sealing-wax. 

Greens are best obtained by com- 
pounding suitable proportions of blues 
and yellows, as the fine green pigments 
in the market are too costly for the 
purpose. 

j Blues include Berlin for the darker 
I shades, and ultramarine and moqn- 
I tain blue for the lighter. 

I The best brown is burnt sienna, 

I though crushed sienna and Cassel < 
j brown are used. 

Blacks are exclusively represented 
I by carbon in avery fine state of division, 

' as lamp-black, ivory black, soot, etc. 
This last, which is very much chearor 
than the others, may be made equity 
suitable by judicious treatment, which 
aims at destroying its brownish tint 
and unpleasant odour. The treat- 
ment consists in careful calcination, 
which may be conducted in a piece of 
stove-piping, about 18 in. long, and 
closed at each end by a tight-fitting 
cap, one being perforated with a fiole 
somewhat less than a pencil, to allow 
of the escape of vapours. The pipe is 
filled to within or 2 in. of the top, 
when the covers are attached, and tul 
joints and spaces carefully lufed with 
day, which may also conveniently 
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form a protective coating to the whole | 
pipe. The latter, when charged, is 
placed in an open furnace, with the 
perforated end upmost, and heated to 
redness. When the contents are ' 
thoroughly calcined the pipe is re- ' 
moved, allowed 24 hours to cool, and 
emptied. The soot will be found to 
have squired a velvety black colour, 
and to Imve lost all odour. Frankfort 
or “ vine ” black is prepared by char- 
ring vine shoots in similar apparatus 
to that for calcining soot, washing the 
ash several times with water to remove 
alkaline salts, and once with water 
containing 25 percent, of hydrochloric 
acid, taking care tb use plenty of clean 
water after the acidulat^ water. 

White pigments are used as much 
for making bulk as for imparting 
colour. Chalk is prepared by washing 
and dxying the powder. Gypsum is 
used in the form of finest plaster-of- 
Paris, and the crystalline variety 
(selenite), powdered and washed, for 
transluoent waxes. Magnesium car- 
bonate is useful for mixing with heavy 
pigments, to reduce the we^ht, rather 
tl^ as a colouring ingredient. Zinc 
white needs no preparation. Baryta 
or permanent white is valuable for j 
enamel-like waxes, and may easily be ' 
prepared by dissolving barium chloride ! 
in rain water, and precipitating with I 
sulphuric acid ; the precipitate is | 
washed several times with clean water 
and dried. Flake white is readily pro- : 
duoed as follows : Fuming nitric acid 
is poured over some bismuth in a glass I 
veswl till the metal is all dissolved. | 
The solution is poured into another | 
vessel containing about 100 times as 
much rain-water, and stirred up. A 
white powder (nitrate of bismuth) is 
at once precipitated ; this is collect^, 
washed, and dried, and is employed 
for the best enamel-like white sealing- 
wax. 

. UBoa in fine powder is used to give 
a metallic lustre to cheap kinds of 
wax ; bronze powder of all shades is 
employed for the same purpose in 
hstter gaades. 

Mixing.— It is essential that all the 


ingredients be dry, and to ensure this 
they are kept in paper begs on a shblf 
running roun^ the walls of the stove- 
room at about 18 in. below the ceiling. 
The order of adding the ingredients is 
as follows ; The resins and turpentine 
are first melted together ; then the 
neutral bodies (cli^k, etc.), if any, 
are stirred in ; next the pigments are 
added ; and the volatile balsams and 
oils are only introduced at the last 
moment before “forming.” When 
only one pigment is usetl, it is simply 
warmed and stirred into the mass. 
When a sliade is to be produced by a 
mixture of colours, no neutral bodies 
are added to the resins, but they are 
mixed with the colours in a china dish, 
warmed, and then added to the melted 
mass. Any required tint is obtained 
by mixing, and frequent testing. 

It is important tliat the colouring 
matters l)e mixed to a paste, with 
spirit or oil of turpentine, before add- 
ing to the other ingredients. If this 
is not done, the wax may not be of a 
regular tint. 

Melting,— -The melting of the 
mass should be conduct^ at the 
lowest possible temperature, sufficing 
only to keep it in a fluid state. Quan- 
tities of 20 lb. to 25 lb. are treated at 
a time in a* vessel large enough to 
permit quick stirring. Often the 
furnace used resembles 'an ordinary 
cook stove, the fire heating cast-iron 
plates ; but these are objectionable 
from the inequality of the heating, 
and the risk of fire. Brannt describM 
an improved form of melter which 
serves also for the polishing. It con- 
sists of a small furnace alx)ut 3 ft. 
3 in, high, fed preferably with small 
coke, having an upper and lower door 
for r^uJating the draught, but no 
grate, the ashes being withdrawn at 
the lower door. The stove is com- 
pletely enveloped in a sheet-iron easily 
at a distance of about 2 in., and at the 
same height above the floor. The air 
between the stove and the casing 
becomes hot, and as it passes away it 
is replaced by a cold current entering 
at the 2-in. openinf^ between the qluMng 




Sealing-Wax: Forming, 


and the floor. Beside the casing of 
the stove, and connected with it, stands 
a table, surrounded by *a sheet-iron 
screen,' and bearing a sheet-iron tub 
filled with sand and provided with iron 
supports. The tub is covered with a 
plate of sheet-iron (for catching stray 
drops of wax), having 4 or 6 holes, 
which contain the melting pots. The 
hot air arising from the stove heats 
the sand tub and its contents, till the 
sealing-wax in the pots begins to melt. 
As soon as it melts the fire is slackened 
by closing the lower door, as the heat 
retained by the sand suffices for a long 
time to keep the mass in a fluid state. 
Enamelled cast-iron pots are best for 
melting in, keeping a separate pot for 
each mixture. Before using a pot for 
a new colour, it must be flowed to 
get quite cold, when the adhering wax 
can be easily cleaned off. The shellac 
is first put into the pot and melted, 
while being continually stirred wth a 
flat paddle of hard wood ; the turpen- 
tine ui then intimately incorporated ; 
next follow the neutral bodies and 
colours in a thin stream, with constant 
stirring, which is more necessary if 
the pigments are heavy. When the 
mass seems uniform, ^ps of it are 
examined by letting them fall on a 
cold, smooth, metallic platS, when the 
colour, hardness, and fracture can be 
tested. When satisfactory the heat 
is adjusted to maintain a fluid condi- 
tion, aromatic substances are quickly 
stirred in, and ** forming" is com- 
menced. 

Fonninp*.— Sealing-wax is mould- 
ed into sticks in special forms," 
consisting of one meoe for rectangular 
or triangular sticks, but must of 
two for oval or round. Forms in one 
{Hece sore, made of rectangular brass 
plate, carrying grooves ^ in. wider 
at top than at Iwttom, for facilitating 
removal of the sticks. It is a common 
practice to put forms on a stove, or 
cool them off while moulding by placing 
them on metallic trays with cold water 
beneath, to cool the si^s riqiidly ; 
this releases the fortns more quickly, 
but makes the sticks .Brittle, and it is 
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better to let them cool gradually on a 
wooden table, while if the form be- 
comes so warm as to much protract 
the setting of the wax, it maty be dipped 
in cold water and carefully dried before 
using again. Engrave^ forms au*e . 
difficult to turn out, but this may be 
partly remedied by slightly nibbi^ the 
engraved parts with oil of turpentine. 
Surface ornamentation, as gilding or 
silvering, is effected by placing the sub- 
stance in the form. As brass forms 
are expensive, they ore sometimes 
replaced by home-made ones of type- 
metal. To produce them, a stick of 
fine wax is coated witth a thin film of 
olive oil, and a cast of it is taken in 
plaster-of-Paris ; when this is thor- 
oughly dry it is put into a small 
woi^en box, and melted type-metal is 
poured round to make a form. Thee 
foiming of the wax is conducted as 
follows. The molten wax is ladled 
from the pot into a casting-spoon, pre- 
viously heated. By this it is poured 
in a uniform stream into the forms. 
These should be slightly warmed before 
the first moulding takes place. 

Polishinsr-— 'Polishing, dressing, 
or enamelling is usually applied to all 
grades, though the finer qualities have 
a lustrous suuriace on coming out of the 
form. When the improved furnace 
before mentioned is not in use, a 
special polishing stove is necessary. 
This consists of an ii’on slab covering 
a vault, heated by a fire beneath. Thd 
sticks are taken in the hand and hold 
in the heat of the polishing stove till 
tile surface b^ins to melt and th» 
sticks bend. When thus softened 
they receive an imprint of the maker’a 
name or some other device, composed 
of letters held in a little brass hand.- 
frame. The sticks are patted between 
small wooden boards at the same time, 
to retain their shape. For gilding, 
silvering, or bronzing, the part to be 
ornamented is touchM with a hrueh 
dipped in strong spirits of '\^e, and , 
*tbe gold or silver leaf dr bronze powder 
is applied, and adheres tenacioi^. 

I l^cellaneousBeceipto.— lliie' 

I following recipes for the compoundii^c 
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of sealing'Waxes will be found to em- 
brace all that are of general utility. 

Black, — (1) 5 parts shellac, 9 tur- 
pentine, pine resin, 4 chalk, IJ 
soot. 

(2) 8 parts, shellac, 6 turpentine, 6 
resin, IJ chalk, 1 gypsum, vine- 
blacky 

(3) 48 parts shellac, 52 turpentine, 
46 pine resin, 28 chalk, 8 soot, 8 bone- 
bla^, 8 asphaltuin. 

(4) 2 oz. Venice turi)entinc, oz. 
shellac, J oz. colophony, IJ oz. best 
lamp black. Melt together the first 
thr^ ingredients, then mix the black 
to a paste with c<l of turpentine, and 
add to the other ingredients. 

(5) ^ lb. yellow resin, oz, button 
lac, 2J oz. Venice tur{)entine, oz. 
lamp-black or ivory -black. Melt the 
4ac, add the resin, then the turpentine 
(slowly and carefully). Make a paste 
of the black with turpentine and add 
this last. 

(6) As medium fine red (5) using 
lampblack instead of vermilion. Rub 
the colour well in. 

Blue, — fl) 7 parts shellac, 6 turpen- 
tine, 3J pine resin, 1 magnesia, 2ciialk, 
2 to 2^ blue colouring matter. (2) 
Light-blue sealing-wax is produced by 
mixing Berlin-blue with oxide of zinc 
or nitrate of bismuth, and has a 
beautiful enamel-like appciirance. As 
blue colours are very sensitive, bleached 
shellac should always be used, and care 
must be exercised in the choice of the 
resin, that which is opaque and brown- 
coloured being rejected. (3) Substitute 
fine ^Prussian-blue for the vermilion 
(same quantity), in medium fine 
red (6). 

-The most ordinary sorts of 
sealing-wax are used for bottles, and of 
course can only be coloured with the 
cheapest kindfs of tinctorial matter. 
Many makers prepare bottle-wax of a 
mix^re of common pine-resin, turpen- 
tine, chalk, and the respective colour- 
ing lAatter only. Such are very cheap, ^ 
but they do not answer the purpose so 
well ae they should, 'fhe corks are 
cove^ with a layer of sealing-wax by 
dipping the necks of the bottles into 


the melted mass. This congeals very 
quickly on the cold glass, and conse- 
quently at o!ice becomes brittle, and 
frequently breaks when gently touched. 
On trying to make the wax less brittle 
by increasing the turpentine, it oftens 
liappens that it remains sticky even in 
cold weather. To avoid these evils, 
add a certain quantity of shellac, 10 to 
16 per cent. , to the composition. This 
will increase the cost of the article 
somewliat, but its quality will be so 
much improved that it will not become 
sticky even in a hot climate. 

(1) Resin, 6 oz. ; shellac, 2 oz.; Venice 
turpentine, 2 oz. ; melt and add lamp- 
blacik, 9 oz. Pour into moulds. (2) 
Common resin, pitch, and ivory-black, 
equal |)arts. (3) Another : common 
resin, 20 11).; tallow, 5 lb.; lamp-black, 
4 lb. ; mix with heat. (4) Red : 
common resin, 20 lb. ; tallow, 5 lb. ; 
red lead, 6 lb. ; mixed with heat. (5) 
4 oz. shellac, 1 oz. Venice turpen- 
tine, and 3 oz. vermilion. Melt the 
lac in a copper pan, susiwnded over a 
clear ( harcoal fire, then pour the tur- 
pentine slowly into it, and soon after- 
wards add the vermilion, stirring 
the mixture briskly all the time with 
a rod in either liand. 

Bronze. — Proceed as for gold, but 
instead of ^ oz. of gold bronze powder, 
use 2 oz. of tllis and oz. emerald 
green. 

Broion. — 7 parts shellac, 6 turpen- 
tine, 4 pine resin, 2 gypifim, 2 chalk, 

2 umber. The shellac for preparing 
chocolate-brown sealing-wax must not 
be too dark. The product of the above 
recipe is dark-brown, and unbleached 
shellac and dark resin may be used for 
preparing it. 

Deed. — Large seals for deeds and 
public documents are not imprinted in 
ordinary sealing-wax, but a mass which 
is half soft, even at normal tempera- 
tures, is used for the purpose, and 
to protect the seal from injury it is 
enclosed in a special case fastened to 
the document by cords or ribbons. 

(1)6 parts ligbt-colouredresin, 3^ tur- 
pentine, 3 clarified tallow, 4 wmting, 

3 to 4 minium. *(2) 5 parts white wax, 
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li turpentine, 1 cinnabar, \ glycerine. 
The ingredients are melted together 
and stirred while coolin^off until they 
congeal. (3) 3 parts colophony, 
tallow, 3 turpentine, '4 chalk, 4 minium. 
This mixture is of firm consistency at 
ordinary temperatures, but if a piece 
of it is held in the hand for some time 
it becomes so soft that impressions can 
be taken with it, and it adheres also 
with some tenacity to pajjer, wood, 
and glass. 

0(M , — 8 oz. amber resin, 5 oz. 
Venice turpentine, 12 oz. omnge 
slielhic, 1 oz. light magnesia, 3J oz. 
gold bronze powdei-. 

Green. — (1) 7 pirts shellac, 8 tur- 
pentine, 4 pine resin, IJ magnesia, 2J 
Berlin-blue, 2J chrome yellow. (2) 

parts shellac, 4 turpentine, 8 pine 
resin, gypsum, 2 chalk, 3 mountain 
blue, and 3 ochre. Green ultramarine 
may l)e used to advantage for the finer 
qualities, instead of a mixture of 
colours. (3) Proceed as for medium 
fine red (4) but use 4 oz. of emerald 
green instead of the 3 oz. of vermilion. 
(4) 1 lb. yellow resin, 5^ oz. button 
lac, 5^ oz. Venice turjicntine, J oz. 
King's yellow, ^ oz. prussian-blue, 1^ 
dr. carlxinate magnesia moistened with 
oil of turpentine. , 

Letter, tvitliout a light . — 3 parts 
colophony, 3 •resin, ? suet, 4 Venice 
turpentine, 4 pulverised carbonate of 
lime, 4 pulverised minium. Melt the 
three first fcgredients together, then 
add the others in succession, stirring 
constantly till cold. (‘ Moniteur Ques- 
neville.’) 

Pared. --(X) parts shellac, 6| 
resin, 5 turpentine, \ oil of turpentine, 
chalk, 1 gypsum, 2J cinnabar. 

(2) 2 parts shells, 8 resin, 6 tur- 
pentine, ^ oil of turpentine, 3 chalk, 
^ gypsum, 6 minium. 

(3) IJ parts shellac, 8J resin, 6 tur- 
pentine, ^ oil of turpentine, 2 chalk, 

1 brickdust, 5 etdeotW. 

(4) 20 pirts colophony, 10 pine resin,. 
6 turpentine, 7^ chalk, ^ oil of tur- 
pentine. 

(5) For brown, 10 parts umber or 
bole are added to (4[^, 


Red . — ^The beauty and price of red 
sealing-wax are determined by the 
quantities of shellac and cinnabar con- 
tained in it ; only the finest qualities 
have cinnaliar exclusively as a colour- 
ing principle. The inferior kinds 
contain very little shellac but much 
common resin, and fio cinnabar^at all, 
minium, colcothar, Ixde, or other cheap 
pigments being substituted. But too 
much resin must not be added, or the 
wax will become too thin, drop too 
easily, and smoke very much when 
lighted. It is Jisscrted that chalk 
should not l)e used, l)ccauKe the acids 
of the shellac exfHjl fcarbonic acid from 
it, and form a ct)nibination with the 
lime ; but this happens only when the 
shelkic i.s heated nmre than necessary, 
as no ctirbonic acid is set free if the 
shellac is only heated to the melting- 
point. 

Very fine reds are — (1) 12 parts 
shellac, 8 turpentine, 9 cinnabar, 2 oil 
of turpentine, 3 magnesia. 

(2) 11 i)art8 shellac, 6 turpentine, 
1 oil of turpentine, 1 clialk, 2 magnesia, 
8 cinnabar. 

(3) 10 parts shellac, 1 turpentine, 
J oil of turpntine, IJ chalk, 1 J gyp- 
sum, ^ magn'esia, cinnaljar. * 

(4) 50 parts shell^, 12J Venice tur- 
pentine, 37J Chinese vermilion. 

(5) J lb. very pale shellac melted 
cautiously over a clear fire in a polished 
copper pan. When melted add cau- 
tiously 2 oz. Venice turi)entine and 
mix. Lastly add 6 oz. vermilion*. 

Medium fine reds. —(1) 1 part shel- 
lac, 8 turpentine, ^ oil of turpentine, 
3 chalk, 1 magnesia, 6 cinnabar. ^ 

(2) 6 parts shellac, 4 resin, i oil of 
turpentine, 7 turpentine, 1^ chalk, IJ 
gypsum, 4^ cinnabar. 

(3) 4 parts shellac, 6 resin, 6 tur- 
pentine, J oil of turpentine, 2 chalk, 
1 gypsum, 4 cinnabar. 

(4) 8 oz. amber resin, 6 oz. Venice 
turpentine, 12 oz. orange shellac, 3oz. 
vermilion, 1 oz. carbonate magnesia, 
80 gr. benzoic acid.* Melt the resin, 
add turpentine carefully, then the 
shellac, using gentle heat until liquid. 
Mix the powders and add to the liquid. 
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stirring well. As soon as well mixed 
pour into moulds. { 

■ (6) Shellac, 8 oz. ; Venice turpen- 
tine, 4 oz. ; Mermilion, 2^oz. ; alcohol, 

2 oz. ; camphor gum, oz. Dtelve the 
.camphor in the.alcohol, then the shel- 
lac, adding the turpentine, and finally ' 
the vermUion, being very careful that I 
no bla2e shall come in contact with its 
fumes ; for if it does, it will fire very 
quickly. 

Fine red. — 66 parts shellac, 74 tur- 
pentine, 30 chalk or magnesia, 20 gyp- 
sum or zinc white, 13 cmnabEu*. 

Ordinary red.-^l) 52 shellac, 60 
turpentine, 44 pinn resin, 18 chalk, 18 
cinnabar. (2) 60 resin, 37^ red-lead, 
12} turpentine. 

Yeliow . — Only lead colours can be 
used for yellow sealing-wax, and of 
these chrome-yellow produces the most 
beautiful colour. But if sealing-wax 
compounded with chrome yellow is 
very strongly heated in lighting it, the 
mass becomes discolour^, in conse- 
quence of a decomposition of the lead 
colours. Therefore vellow sealing-wax 
must be vcny fusible to avoid this 
evil. Every kind of sealing-wax be- 
comes niore fusible by adding a larger 
quantity of turpentine,* but it also 
becomes softer. Fine yellow : 76 parts 
shellac, 86 turpentine, 45 pine resin, 
16 gypsum, 16 chalk, 46 ochre. The 
shellac used for fine qualities of yellow 
sealing-wax must be bleached, or it 
will impossible to produce a pure 
tone' of colour. All gradations of 
yellow, from orange to r^ can be pro- 
duced by adding cinnabar or chrome- 
red tlb ^e qualities, and minium to 


coloured by mixing suitable pigments 
with it. A beautiful variety (“ aven- 
turin”), which can be prepared at 
comparatively low cost, is obtained by 
stirring finely powdered mica into the 
melted ground mass. Gold and silver 
waxes are obtained by mixing finely 
powdered leaf -metal with the melted 
ground mass. Ground masses for 
translucent wax are; — (1) ]} parts 
bleached shellac, 1} viscid turpentine, 
3 mastic, 1 clialk. 

(2) 3 parts bleached shellac, 4 viscid 
turpentine, 5 mastic, 3 sulphate of 
baryta (or 3 nitrate of bismuth). 

(3) 3 parts bleached shellac, 4 viscid 
turpentine, 5 mastic, 3 sulphate of 
baryta (or 3 nitrate of bismnth). No. 
(3) is especially adapted for preparing 
“ enamelled” sealing-wax, which actu- 
ally possesses the half transparent ap- 
p^rance of enamel, and is particularly 

I beautiful when a tender rose-colour is 
given to it by using fiery madder-lake. 

S^ing-ioax tvith Sticks of 

sealing-wax can be had vrith a wick up 
the centre. The wick is made up of 
8 to 12 cotton threads, saturated with 
wax or stearin, the threads being held 
stretched while the wax is cooling on 
them. The threads are held taut in 
the mould ^hile the molten sealing- 
wax is poured around them. 


inferior qualities of sealing-wax. — 
Brann'i.^) 

TrattdwxrU , — Translucent sealing- 
wax belo^ to the ver>' best qualities, 
as only highly refined materials can be 
used for it. Bleached shellac alone is 


not sufficient; sealing-wax only be- 
comes translucent by adding a corres- 
ponding quantity of mastic, and by 
using very fine, “light-coloured, and 
very pscid .turpentine.* Following 
are three, recipes for preparing trans- 
lucent ^e41ing-wax^ which may be 
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Sewage Disposal prom 
Isolated Houses. 

This is probably one of the most im- 
portant subjects a sanitarian has to 
consider when dealing with a house in 
a country district, for whether the 
building be large or small all sewage 
matter must be disposed of in a pn){)er 
and efficient manner. It is an under- 
taking which by itself usually requires 
all a man’s skill if the work is to be 
done effectually ; and when it is com- 
plicated by the water supply being 
drawn from adjacent wells or lakes, 
much ingenuity and experience are 
required. 

Cesspool System.— With cess- 
pools the conditions liave to be de- 
cidedly favourable as to fall or nature 
of ground, or distance from water sup- 
ply, otherwise there is risk of dangerous 
features. If all cesspools were made 
watertight the risks would be mini- 
mised, but this arrangement, although 
sometimes oarried out, involves great 
expense in attention (emptying, etc.), 
as all fluids as well as solids are re- 
tained. It also leads to an economy 
of water being practised, which is not 
always good, for in the •few houses 
which have watertight cesspools it 
becomes quife natural to avoid dis- 
charging fluids into the drainagesystem 
to the utm^t possible extent, remem- 
bering that every gallon used has to 
l>e pumped out. The writer’s practice 
in the past when arranging the cess- 


cleaner and of a more sanitary nature 
tlian brick-built cesspools and.soak- 
aways, has no effect id purifying the, 
sewage, and the object of. these pages 
is to describe the l^st known means 
of rendering sewage harmless. 

Sewage, from a chemist’s standpoint, 
is almost wholly watpr, the true solids 
being little more than say thre<N parts 
in a thousand, and of these three parts 
no more than half is organic matto*, 
the remainder inorganic. It is the 
oi^nic matter which has to l)e dealt 
with, as this decomposes and putrefies, 
and is liable to bring into existence 
gases and organisms tlmt are dangerous 
to life. Sewage literally swarms with 
bacteria, but they are not danprous 
if properly disposetl of, excepting, of 
course, microb^ of infectious dishes 
which are brought down with the 
excreta of infected persons. The 
ordinary sewage bacteria rapidly con- 
vert the organic material into chemical 
compounds of a less objectionable 
nature, provided there is a sufficiency 
of oxygen, and some purifying pro- 
cesses rely for their efficacy on this. 

Sewage Fanniiig.— Two vea^ 
good and rather simple means of dis- 
posing of sewjge from large redidenqes 
are by Sewage Farming, or by Int^- 
mittent Filtration. The former is 
effected by irrigation, the ground being 
I laid out in slopes more or less steep 
acconling to its ability to absorb mois- 
ture, in much the same way as lands 
are irrigated with water ; and crops 
are grown on the land so treated. 
Little opposition can be raised to this 


pools of country residences vras to liave mode of treating the sewage, aa^such 
a aeries of three pits at as low a position I works, properly managed, are inoiSfen- 
as possible, these being simply lengths ' sive, whether the house be near toor 
of 80-in. drain {Hping fixed on end. far from the ground so treated. C^ps 
The first one was cemented at bottom, | raised on such ground are as safe and 
tliisbeingthecatchpit for solid matters, ' good to eat as those grown in the 
the other two had open bottoms for ' ordinary way, and flesh or milk from 
the fluids to soak away. This was of | animals raisin on this food is as pure 
course, dependent on the subsoil being ! and satisfactory as any. 
porous, and the drinking water supply | The land most suited for seVrftge 
being at a considerable distance. Gom« | farming is that having a somewhat 
munication between the three was %ht, open .boU which is porous and 
made by a 6-in. pipe near the top. does not resist the passage of* Uqu^ 
This arrangement,«however, though | into and through it. The crops grown 
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would be, of course, t^iose that benefit 
the most by a large sliare of moisture, 
dt is best not to attempt it with heavy 
soil, although it is possible with this 
by employing a much larger area of 
land for a given quantity of sewage, 
and laying it out more flatly, that the 
sewage may not pass over it too rapidly. 
With^and that is fairly suitable for 
the purpose one acre is considered 
sufficient for the sewage from a house 
or houses containing a total of sixty 
to eighty or even a hundred persons ; 
this is not the maximum tliat this 
area of earth is capable of dealing with, 
but it is as muc^ as most crops can 
stand. A greater quantity of sewage 
would be fatal to them, causing their 
destruction. This method of disposing 
of sewage from country residences is 
decidedly hygienic in its character. 
The ground so treated would, of course, 
be at a lower level than the house, to 
admit of the sewage flowing direct 
there by gravitation, and it is then 
directed into channels which, provided 
with sluice gates, make it a fairly 
simple task to treat the ground in 
sections in regular rotation. Distri- 
buted over the land in this way there 
isjeveiy opportunity for nature to do 
the purifying work, of wliich it is so 
capable, in a thorough manner, and it 
is generally conceded that the sewage, 
applied sparingly in this way, is ren- 
dered innocuous. Added to these 
facts it must be rememl)ered that 
water for irrigation purposes is almost 
unattainable in some districts during 
the summer-time, when it is needed ; 
in fact every drop of water is valuable 
in some localities, and the use of sewage 
for watering and fertilising is a distinct 
gain ; it may be more widely prac- 
tised than it is. 

Intermittent Filtration.— 

Intermittent filtration differs from 
irrigation, although it is the applica- 
tion of sewage to land for the jmrpose 
of effecting its purification and disposal. 
It also differs from what many may 
'Suppose filtration to mean, for it is 
not m^ly stiuinihg the solids from 
t’lo flui^,! hut is a means of exposing 


se'w^e to the beneficent action of the 
air and nitrif 3 dng agents before tlie 
material passop deep into the ground. 
This system and sewage irrigation 
are the only processes by which the 
organic matter can bo removed from 
sewage and transformed without the 
aidof chemicals. Even irrigated areas, 
unless the land is good, may require 
a filter bed to assist in very bad winter 
weather. The system now under 
discussion is fairly simple and does 
not need skilled laljour. The beds 
consist of suitable sized sand, placetl 
above the level of the subsoil water, 
in beds about 4 to 5 ft. thick. The 
drainage system delivers the sewage 
on to the l)ed or l)ed8 at several points, 
wliile under the bed there requires to 
be a simple system of subsoil pipes to 
carry away the clear liquid that comes 
through. 

An intermittent action is necessary, 
as the success of the system is in giving 
the beds a rest that the puttying 
action can be completed with one layer 
or film of sewage before another is 
superimposed. It is therefore arranged 
that there be two or more b^, and 
while one section is receiving sewage 
the other is shut off to deal with what 
it has received and recover itself. It 
is of some importance that the grains 
of sand be of a fairly regular size, and, 
unlike a filter, there is a disadvantage 
in making the bed of sand or material 
of different sizes. It should not be 
fine at top and large at bottom, nor 
the reverse. The sand should be sharp 
and not fine ; what is generally known 
as coarse sand is the best. If the 
sand is too fine the action is slow and 
it gets clogged, while particles which 
are too large allow the sewage to pass 
more rapidly than it can be properly 
acted on. 

The success of the process depends 
on air existing in the interstices be- 
tween the grains of sand, for without 
air the micro-oiganisms which do the 
purifying work cannot exist. When 
sewage is admitted on to the sand air 
is imprisoned below it as well as exist- 
ing on top, and piiuyided more material 
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is uot added t(K) soon the required 
action will occur successfully, and the 
material will drain tlu-qugh the bed 
and pass away. The proc-ess, explain- 
ing it another way, is the intimate 
contact of the sewage in small volume 
with air that is for the time inter- 
mingled with it, and, given sufficient 
time, the nitrifying work of tlie bacteria 
effects the desired cliange efficiently. 
As one volume of sewage is dispos^ 
of it goes down ; new air then occupies 
the interstices in readiness for new 
work. The beds will do good work 
for some time, but if there api^ears to 
be any clogging, then, if the sand is 
of regular size, it will be found quite 
Buiieriicial, and the upper surface need 
only be raked over. If desirable a 
thin layer of the sand, with the coating 
of sludge, can be scraped right off, 
and this may be repeated from time 
to time until the thickness of the bed 
is reduced, say 12 in. , after which some 
new sand must be added to make it 
up to its former thickness. It is very 
desirable, of course, that the sewage | 
be brought to the beds in a way that ' 
will not disturb the surfaces more I 
than possible, and it should Ije distri- 
buted as evenly as can be done. The I 
area required for the filter beds is not i 
nearly so large as for sewage farming, | 
as one acre is considered by most I 
authorities t5 be sufficient for one 
thousand persons, but no cropping can 
be done wi^ beds which receive such 
a proportion of sewage as tliis. i 

The Se/ptio Tank Syatcm. — (a) This | 
important method of treating sewage 
relies for efficacy on the growth of a 
micro-organism which, it is claimed, 
not only breaks up and liquefies solids, 
but also acts with destructive effect on 
disease germs. Of course, any system 
of sewage purification which disposes 
of sludge is worth consideration, owing 
to the reduction in attendance and 
working expenses. Sludge, although 
having manurial value, Lew to be col- 
lected and removed from the sewagOi 
plant; and the best means, that of 
preswng into solid cakes, is scarcely 
possible with the ^pangements of a 


private residence, however large, and 
I the septic tank principle is relied on 
I to obviate this trouble, as no sludge 
. is said to be made. 

I Mr. Scott Moncrieff made investiga- 
, tions as to the purifying action of 
micro-organisms uj)on ’sewage, on a 
practical scale, in 1891, with the con- 
clusion that the principle was <^ound 
reliable, and it was also discovered 
I that the organisms were capable of 
cultivation, for the tanks were found 
j to improve and become more active in 
their work after a time. This latter 
fact was proved by recharging the 
tanks with new material, when their 
efficacy became re<iuced, but by put- 
ting back the old matei^ their best 
work was immediately experienced 
again. Thus it will be seen that in- 
stead of constant attention in renovat- 
ing the purifying materials or agents, 
a certain length of time shows a grow- 
ing improvement in their working 
capabilities. 

A peculiar feature is that the lique- 
fying oiganisms act best in the absence 
of l^ht and air, and with no more 
than a sluggish movement in the tank 
•—■in fact, light and air are fatal to 
them. Particulars kindly furnished 
by the surveyor to the patentees 
describe the process as follows : “ The 
method adopted is to pass the sewage 
into closed tanks specially fitted to 
hasten the natural decomposition of 
the animal and vegetable solids. This 
work is performed by the micro- 
organisms or bacteria with which 
sewage always teems, as they feed or 
act on the organic matter and convert 
it into inoffensive compounds, which 
are dissolved and carried off by the 
flow as fast as they are formed. This, 
however, is not the only service per- 
formed by the bacteria in the tanks, 
for it is now recognised that the dis- 
appearance of the pathogenic organisms 
I or ‘ disease germs ’ from sewage is due 
I to these same bacteria, which attack 
I and speedily destroy^them. The work 
' of tne tank is thus twofold, consisting 
t first in the liquefaction of thf sewage 
' solids, and, secondly, in the destruc- 
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tion of the germs of disease. No 
chemicals or other ingredients of any 
kind whatever are added to the sewage, 
and no sludge is produced. The 
effluent from the tanka passes out in 
a continuous stream, and is treated 
by filtration. ' 

“The filters under this system are 
simiW to those adopted by Mr. Dibdin, 
Chemist to the London County 
Council, being constructed of coke 
breeze or crushed fumaqe clinker. 
The method of working also is that 
recommended by Mr. Dibdin, the 
filters being first filled and allowed to 
remain full for a short time, then 
emptied and alldWed to stand empty 
for a few hours in order to drain and 
aerate the filtering material. In this 
way the filters are kept well supplied 
with the oxygen necessary for purify- 
ing the effluent poured on to them. 
The filtering area is, of course, divided 
into several parts, each of which in 
turn receives the effluent in order that 
the process may go on continuously. 

“In Mr. Cameron’s system the 
filling and emptying of the filters is 
effected automatically. In an ordinary 
installation where four filters are used, 
one filter will be filled at a time ; as 
soon as it is full the automatic appa- 
ratus will divert the flow of effluent 
to a second filter, the discharge valve 
of which it will at the same time shut 
down. It will also open the discharge 
valve of a third filter which has been 
previously filled, and shut the valve 
by which that filter was supplied with 
effluent. Thus there is ^ways one 
fflter resting full, another filling, a 
tl^ dischsu^ng, anda fourth aerating. 
A fifth, or spare filter, is provid^ 
which can be set at work in place of 
Hpy of the other four. The apparatus 
is simple and reliable, one set having 
effected over 1500 discharges. No 
labour or attendance is necessaiy be- 
yond an occasional inspection, though 
atiptervads of a month or more it may 
,.be desirable to jpake over the surface 
of the filters. 

“ Tlie works laid down at Exeter in 
the Buminer of 1896 were to deal with 


r 

the flow of one of the outfall sewers. 
They were set to work in August of 
that year, since when the average flow 
of sewage has been somewliai over 
60,000 gal. jwr day. These works 
have demonstrated the capability of 
the system for dealing with sewage 
under all the changing conditions 
which are met with in practice. This 
system can be easily adopted for com- 
paratively small requirements.” 

The illustration. Fig. 68, is from 
a drawing furnished by the surveyor 
to the patentees, this representing an 
installation suited for a country man- 
sion. The explanation of the lettering 
on plan is as follows : Z, inlet to septic 
tank ; Y, sump for grit ; X, outlet to 
septic tank ; T, diverter ; S„ Sj, 
channel pipe distributors over filters ; 
Ri, Rj, collecting pipes at bottom of 
filters ; Q, shaft ; P, rocker ; 0„ Oj, 
wells for discliarging valves ; N,, Nj, 
discharging valves ; Mj, M„ overflows 
from wells to actuating buckets ; L„ 
Lj, actuating buckets ; K, well for 
actuating buckets ; H, cast-iron plate 
with seats for valves N. (Davis and 
Dye’s ‘ Plumbing and Sanitation.’) 

(a) The septic treatment of sewage 
may be considered a biological rather 
than a chemical process, as its success 
is dependent upon presenting condi- 
tions which favour the rapid growth 
of certain bacteria. In the complete 
reduction of sewage by the septic 
method, bringing it to a harmless 
state, in the form of mbrates which 
plant life can take up, two forms of 
bacteria are employed — aneerobic and 
aabbie. Air and light retard the 
multiplication of the first of these. 
The second requires oxygen and 
multiplies rapidly in the open air. 
The tank or receiver proper, is a sort 
of catch basin, made in form to favour 
the requirements for the propagation 
of the anajTobic bacteria, which i^uce 
the sewage to simple compounds. The 
tank, it appears, should hold the out* 
put of about one day’s use of the fix- 
tures dischm-ging into it. Light and 
air should be excluded. Warmth to 
a degree is* ess^tial, such heat as is 
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common to a pit in the eartii cloeod 
at tho top, with no unnecessary ex- 
posure, together with the heat of waste 
water, and that generated iiy the action 
taking place in the sewage itself Injing 
sufficient to , favour the process in 
winter weather of quite severe climates. 
54° F. has been stlited to be the mini- 
muin^'temjMjfature permissible in this 
tank, for little or no septit; action wwi 
take place at lower temperatures. The 
waste water of baths and lavatories 
are not turned into the septic tiink 
alone for the hetit they bring, but 
to secure dilution of the excrement 
and matter froniuother souices, which 
not infreciucntly carry too little water 
to favour the Iwst interests of tho pro- 
cess. Both the inlet and tho outlet 
of the tank should lie arranged to be 
below the surface of the contents when 
the tank is full, so that the scum which 
generally forms on the surface will not 

disturbed by entry or exit of matter. 
This scum, resembling wet jishes, helps 
to retain the heat and excludes light 
and air from the mass — all favouring 
the accomplishment of the purpose. 
The scum may be from a few inches 
to fifteen or twenty in thickness, 
according to conditions and nature of 
the plant. 

The contents leaving this initial 
receptacle having, in it, lieen brought 
down from its complex nature to one 
of simple chemical compounds, princi- 
pally nitrites, the completion of the 
reduction process and the change from 
nitrites to nitrates is brought about 
by exposure of the matter to light and 
air, giving the ajrobic micro-organisms 
a chance to get in their work. This 
would be accomplished by simply dis- 
charging directly into a stream, but a 
more rapid action is obtained by inter- 
posing an open shallow bed of broken 
stone or’slag for the liquid to first flow 
through, so as to break up and bring 
into contact with the air as large an 
amount mi surface as possible before 
piping to strearfi or otherwise. In 
this wjiy a more complete reduction is 
certain before the matter reaches any 
final source of ^posal. 


The Ijacteriiv necessary to the process 
are always present in abundance in 
fresh sewage,' and no preliminaries are 
necessary to operation as described. 
The resulting product is described as 
a harmless, colourless, and odourless 
li({uid. In this process, lulmission of 
air to the tiuik or lack of sufficient 
hcivt or dilution may result in a 
putrescent state of tlic matter, as is 
found in a common cesspool. As pre- 
viously induaited, the septic pna’-ess 
is not yet widely used, except for town 
sewage, where it is rapidly gaining in 
favour. Here elaborate methods are 
julopted to favour the lerobic or oxidis- 
ing end of the operation, mostly 
tlirough filters of special design,* all 
aiming to secure absolute sbibility and 
harmlcssness of the final discharge 
from the sewage disposal plant. Better 
ac(iuaintauce will doubtless develoj) 
much data bearing on the latitude of 
conditions under which it will success- 
fully oiHjrate. From 8 to 17 days are 
necessary to set up septic action ac- 
cording to season and conditions. 

(/>) In the following three illustra- 
tions, Figs. 59, 60, and 61, are some 
details of a septic tank plant installed 
at an American fort. Fig. 59 gives 
a plan of the complete plant, which, ^ 
as will be ^een, consists in the dis- 
posal of sewage from a toilet house 
containing three anti-freezing water 
closets. 

The lack of heat in t^e house, as 
well as other conditions, makes tho 
use of this type of water closet a 
necessity in the present instance, and 
it also necessitates the location of the 
water closet tank outside of the bowl, 
and at a considerable distance below 
it. Under ordinary circumstances 
this course would be inadvisable. 
However, it is with the disposal of 
the sewage that we shall speak princi- 
pally, as this appears to us the most 
interesting port of the plant. 

Fig. 60 gives an elevation of the 
' toilet house, and Fig. 61 a similar 
view of the tanks into which the 
sewage is delivered. * 

The tax^B in tkjs case comprise two 
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separate compartment/6. In lai^e • action of natural filtration. It will 
work very often three and even more ' Ijc ^een, then, tliat the larger the 
compartments are made use of. . numljcr of compartments* or tanks 

The chief purpose of the tank into i tlirough which the sewage passes, the 
which the sewage is first delivered is more perfect will lie the action of this 
to allow the hquids to settle, thus apparatus, for the water will l>e 
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‘4ilIowiiig the greater part of the solid delivered into the filtering material in 
“ the sewage to remain in the , a correspondingly clearer state. It 
/ftret tank, the liquids overflowing into will also be seen that a'plant of this 
the Mcond tank, from which they | nature is capable of doing very cem- 
pv^ow a second time into a mass of i plete and entirely satisfactory work, 
!ioT* . ^vel, gtc. • In the ■ providing the arrangement of the 

latter the homds are ^fied by the tanks is right, and {jbe filtering mate- 
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rial is of sufficient amount. Of course , In the case of the overflow between 


if solid matter to any extent is allowed 
to piss ofl^into the Altering material 
the latter soon becomes clogged with 
foul matter, in which condition it is ! 
incapable of performing its work, and 
the entire plant becomes a ffithy 
nuisance. 

We have stated that the first tank 
is used as a settling bink . As a matter 
of fact, in each tank another action 
also takes place, upon which the success 
of such sewage tanks is almost entirely 
dependent. After the tanks have 
been in operation a short time, it will 
be found on renlbval of the cover that 
a thick, heavy coating has formed on 
the surface, this mass being made up 
very largely of animal and vegetable 
matter. These two classes of matter 
are very susceptible to the action of 
minute animal life which exist in all 
tanks of this nature, and which multi- 
ply at a very rapid rate. 

These microscopic animals attach 
themselves to the sides of the tanks, 
and to the under side of the surface | 
coating of vegetable and animal matter. | 
They attack the matter with which j 
they are in contact, and rapidly disin- 
tegrate it. The particularly valuable 
feature of this action is that vegetable 
and animal matter of every description 
is transformed by these minute animals 
into liquids. Their action is so com- 
plete that leather, bones, etc,, enter- 
ing a septic tank of this nature are 
re^ly disintegrated, the action, how- 
ever, being of somewhat longer dura- 
tion than in the case of softer sub- 
stances. 

It will be clearly seen, then, that in 
order that the action of these animals, 
and their breeding, may not be dis- 
turbed to any greater extent than 
possible, it is advisable to use every 
precaution against breaking up or dis- 
turbing the crust that forms at the 
surface. 

. This is the principal reason for run- 
ning the overflows shown in Fig. 61 to 
a codbiderable distance below the sur- 
face of ,the contents of the tanks into 
which the sewage, is delivered. 


the two tanks, we believe it would be 
full as well 'to have the delivery end 
Ixilow the surface. We should ^visc 
the entrance of the soil pijxj from the 
toilet house in the same way, that is, 
by taking the pipe down below the 
surface. 

1 Another feature that is of value is 
the pitching of the bottom .of each 
compartment towards one end, so that 
all matter which is not liquefied and 
carried off, may find its way to the 
low point, from which point it may bo 
cleaned out more readily, or drained 
[ off. The running of the vent pipe as 
j shown in Fig. 61 is a good feature, as 
I also the placing of cleanout caps on 
I the overflows, for use in the event of 
I stoppage. It is said that this j)lant, 
which is in operation at Fort Hancock, 
N. J. , is giving entire satisfaction. We 
see no reason why this should not be 
true, as the plant is in general well 
drained, and we know that when 
installed in a proper manner the septic 
tank is an invaluable aid in the dis- 
posal of sewage at points where there 
is no system of public sewers. (‘ Plum- 
bers’ Trade Journal.’) 

Septic Tank Priwiple. — (6) We are. 
indebted 1;o the Royal Society of Arts 
for the following illustrations of a 
typical septic ‘tank installation which 
were given in a lecture by Dr. Satauel 
Rideal 

The natural process ctnsists in 

(1) Liquefaction of the insoluble 
matter, and modification of the dis- 
solved matter, in a closed space, there- 
fore mainly by anaerobic bacteria. 

(2) Oxidation afterwards by the help 
of serobic Ijacteria during i)assage 
through a porous medium like land. 

The processes should be i)roperly 
and systematically conducted in 
natural sequence. Any mixing or 
confusing in the order, any artfficial 
interference, or attempt to work dis- 
tinct reactions simultaneously in the 
same receptacle, will lead to uncer- 
tainty ami iiTegularity in the results. 

In 1895 Mr. Cameron, City Sur- 
veyor of Exetef„introduc«jd liis “ sep- 
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tic tank ’’ process for the treatment of 
a ])ortiou of tlic sewage of the city, 
comprising alxmt 2,000 i)«r8oiiH, on tlie 
comianed system, yielding about 
f)0,000 gallons of sewage. After piss- 
ing through a grit cliamlxir where 
gravel brought down by tlio rains was 
detained, the liquid containing all the 
organic solid matter emerged into a 
closed tank, through which it slowly 
[Missed. The details are well known 
aiul are indicated in the illustrations. 
(Fig. 62.) The present tank has a 
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what we have seen of tanks ]>artially 
filled with st-ones or coke. In the 
latter the dimensions must either be 
larger in proportion, or ihe sewage 
must pass at a greater rate, the bac- 
teria also are not so freely distributed 
through the li<]uid. Frhm the inspec- 
j tion chamber it is seep tluit a leathery 
I scum from 2 to G inches thick, a^cord- 
I ing to the position, colleiits on the 
surface and renders thewholeanaerobic. 

I Below this is a zone of fermentation, 

I in which the sewage is mainly clear. 



Fio. G'J.— Sketch plan of the Septic Tank Plant at Helle Isle for Dealing with 
• Sewage of St. Leoiiar <8, I'Aeter. 


Area of ooch filter, sn sq. yds. ; and depth 6 ft = volume 22,600 gal. 

EfBuent introduced at start = O-O of above volume 0*4 of original volume = coke. 
Elfiuent IntriMluced in ordinary working from 8000-9000 gals per filter. 

A, B.C, 1) are colli'cting wells, receiving liltcrod water from the four filters In usi-. 

By means of tlie alternating gear, each AIUt in otation is filleC, discharged, and uented 
automat icuUy. 


capacity of 53,800 gallons, therefore 
holds approximately a day’s supply, 
hence thte time of remaining in the 
tank is about twenty-four hours. In 
this way the sewage becomes mixed 
and averaged, and the bacteria have a 
chance of working during the passing 
through the 65 feet length of flow, 
which the sewage traverses at the rate, 
of a little more tliaii 2 feet per hour. 
No obstruction is present, and the 
entire space is available, differiiiff from 


but bubbles of gas keep the liquid iaa 
state of quiet admixture. At the 
bottom of the tank there is a layer of 
the dark peaty matter, previously re- 
ferred to, which is so small in amount 
tliat during a period of a year's work- 
ing, it does not require to be removed. 
The oi^anic matter in it is gradually 
broken up by the bacteria, the inor- 
ganic matter is raised by the gases and 
gradually carried oflf in the flow? so that 
ite Quantity does not sensibly increase. 
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Dlagran) of Overflow Pipes. 

Fio (i.3 


Diagram sliowlng succt'sslve states of Filters corresponding to successive 
p MJitioiis of alternating gear 


fttHloH efOeai 

PERtOO 1. ^ PERIOD II. S PERIOD 111. % PERIOD IV. 

AD C D^A 80 D^ieC D^BC D 

^ ^ 

Hot... 

Fmptifing Aimtlnj 

fllUrfloS. 

j|l^ AeratiHg | 

Filter Ho3 .. 

f liter Ho* . 

Aerating Fmpiging 

Fig. 64.— 

Cycle for 4 Filters, Nos. 1, a, 3 and 4, Dlscliarging Into 4 Cbllcctlng Wells, 
A, B, C and I). 


At starting, let filter No. 4 be alreaily full and resting, and No. i filling,— Period I. 
When No. 1 fills, It overflows Into tipper C, discliargliig No. 4, pntiing down outlet 
valve of No. 3, and admlttiug effluent to No. 3.— Introducing Peno I II 
When No. 3 fills, It overflows into tipper B, discharging No. 1. putting down outlet 
valve of No. 2, and ailmitting effluent to No. 2,— Introducing Period 111. 

When No. 2 fills, it overflows into tipper D, discharging No. 3, putting down outlet 
valve of No 4, and admitting effluent to No. 4.— Introducing Period 1 
When No. 4 fills it overflows into tipper A, diBChaiging_ No 2, putting down outlet 
valve of No. 1, and admitting effluent to No. 1.— And so on. 



. . Fio. « -Section sliowlug Arrangement of Filtering Material at Belle Isle. 
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The flow through the tank is con- 
tinuous, therefore requires no attention 
for Sundays or night. .The inlet and 
outlet are submerged so os to minimise 
the disturljance of the contents. At 
the far end of the tank a transverse 
iron pipe, about a foot below the level 
of the liquid, with a slot on the under 
surfacQ extending its length, forms an 
exit for the effluent, whicli passes over 
a V-gauge, and then falls in a tliin 
ttreapi over an aerating weir, to restore 
aerobic conditions. It then flows 
through distributing channels on 


gather together at different levels as 
coatings on the filtering mateml. In 
the later sections the nitrifying oi^n- 
isms are almost alone, and are there- 
fore able to exert their full activity. 
In tins way Mr. Moneneff has secured^ 
a much liigher nitrification' than has* 
l)een attained by the other processes. 

This he has accomplished by l^read- 
ing the “tank effluent” by tipping 
trouglis or distributors over the upper- 
most of a seriis of “nitrifying trays.” 
(See Fig. 66. ) The plant in use at Ash- 
stead for a domestic sewage consists of 



to filters of coke breeze or clinker | 
(Fig, 65), four of which aix) used at a | 
time, and one kept in reserve. An i 
automatic gear devised by Mr, Cameron 
regulates the cycles of filling, resting 
full, emptying, and aeration, so that 
here again no attention is required, 
(Fig. 64). 

By using a series of smaller, separ- 
ate areas, and passing the effluent con- 
tinuously and progressively tlirough 
them, with ample opportunity for the’ 
access of the air where it is required, 
the organisms gradually choose their 
own conditions, g|!id allied groups 


nine perforated trays containing coke, 
supported vertically over one anotherat 
about three' inches apart. Each tray 
lias an effective area of one square foot 
and contains seven inches of coke, 
broken to one inch diameter. It re- 
quires only from eight to ten minutes for 
the liquid to pass through all the trays 
(Rg, 66). After the apparatus had 
been running continuously for three 
months I collected on two occasions 
samples from the different trays and 
examined them separately, llhe r^ 
of flow was approximately measured as 
follows 




Sewage Disposae : Septic Tank Principle. 


Flow ()i«.r»,.d *» ““'I""’ ! , 18 much 

per sn fo(? P'’’’ rfii)ully reaches a 

^ ■ , ptT 24 htmrs. ; maximum aild then declines. 

. “I - (Ji) The free ammonia lias been 

I 1 litre in 1 gg^ | almost completely oxidised; at the 
1 40 ♦ ! * ' noticed tliat the 

],140c.c, m l|^2r):i,400 | yellowish colour, black sui^- 

IJ min. j ’ ’ jiended matter, and sewage odour had 

1,071, .500 : *'‘“^7™'-’ „ 

- -1 he following figures give the oxygen 


1,071,500 


Fic. 6 if. —Sewage Filter Tank (Scott*MoncrIeff). 


The progress of the nitration is indi- 
cated in the annexed curve (Fig. 68), 
on which I may* offer the following 
remarl^^— 

1) The nitrate has developed with 
Bxtraordinai^ rapidity. 


* It is stated that “ by transposing the tmys 
,so as to upeet the natural survival of orpaiiiidu 
in the sequence tbe whole process was arrested, 
a higb-ooloured and inftrlor efSnent being the 
immediate result, and one or two days were 
required to r(M>stabli^ tbe conditions that bad 
been disturbed.” \ 
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relations which I fount! for the first The organic matter has Ijeen very 
,ui(l last trays : — greatly reiluced for so brief a time of 



Parts pkr 100,000. contact. The effluent is now in a 



Dissolved 
Oxygon 
cc. pi-r 
litre. 

Oxygen 
Con- 
sumed by 
Organic 
Matter. 

Availalde 

Oxygon. 

Jan. 28th— 




Original . 


9-54 

- 9 -1)7 

Last tray 
Feb. 8th~ 


0-39 

+ 20-1 

Original . 

0 

9-05 

- 9 *0.5 

• Last tray 

1 

0-44 

-1- 12-99 


I 

• 



state of rapid natural purification by 
mejuis of its “available oxygen,” a 
term I some time ago proposed for 
effluents rich in nitmtes. We know 
by the researches of Warington, Munro, 
Adeney, Gayon, and Dupetit, and 
others, that the oxygen of a nitrate is 
utilised for the burning up of oiganic 
^matter, 'provided the latter had been 
* properly fermented^ as in tlxis case it 
lias. In my own experiments h have 
found that the lai^e loss of nitrogen 
so often noticed was not accounted for 
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by nitrous acid, ammonia, nor by 
nitrogen gas. (iayon and others have 
observed the production of nitrous 
oxide, wliich, being soluble, is not 
evolved, and has no doubt been over- 
looked by mp,ny olwervers . Therefore, 
to be on the safe side, I have allowed 
four atoms of “useful oxygen" to 
ev^y two molecules of nitric acid, 
according to the equation : — 

2 HNO 3 = HjO -f NjO + 40. 

Deducting from this the “oxygen 
consumed ’’ figure, as representing the 
organic nwtters which are fairly easy 
of destruction, I cjill the surplus 
“available oxygen," ready to be drawn 
on to complete the purification. In 
thealwve case the quantity is obviously 
far greater than would be supplied by 
any process of mere aeration, hence, 
as 1 liave previously stated, “such 
an effluent could be easily ‘finished’ 
by a fine filter without fouling the 
latter, or could l)e beneficially applied 
to a small area of land, or mixed with 
•a river of moderate volume not only 
without pollution, but possibly with 
an actual benefit to the stream." 


^ Shellac. 

(See also French Polish, Varnish, 
Jaf'ans, etc.) 

Shellac, as we know it, has its origin 
in a gum, resin or lac, product by a 
small insect (the Coccus lacca), which 
punctures the bark of several kinds of 
trees (chiefly in India), and after ab- 
sorbing the fluids found there secretes 
a gum in which is dei)osited its eggs. 
This gum forms a nmgh-shaped ring 
or Ijand around the twig, and, in its 
crude state, is called “stick lac.” 
While the finished product, shellac, 
is obtained from this, a second and 
moderatel|r valuable substance is pro- 
cured at the same time, this being a 
colouring material known as lac dye, 
being separated in the production of 
shellac. The stick lac is seldom seen, 
as the stick or twig is separated by 
the native gatherers by beating with 
a mallet. Tlie pulverised lac thus 
obtained is the seed lac. The mate- 
rial is then put in large tubs or 
troughs of water and worked by the 
feet until the colouring matter is out. 
The washed lac is then put in a coarse 
canvas bag, suspended (or held) at 
each end bver a fire, which causes the 
lac to melt. Jt is caught in a trough, 
from whence it is ladled on to a re- 
volving metal roller, usually brass, 
tliis causing it to forig, in sheets or 
shells, the shellac as we know it. Its 
colour may be anything from lemon 
colour to a deep red. Button lac and 
gjirnet lac are' both of the samei 
material as shellac, but made of the 
less pure parts melted up and cooled 
by tlirowing on water. Garnet lac, 
which is veiy dark, is useful for japan- 
ning. 

It may be considered tijat shellac is 
not soluble in oils. The solvents W 
shellac will not themselves dissolve in 
oil, and such recognised solvents as 
ether, carbon bisulphide and benzene, 
though soluble in oils, only very dightly 
dissolve shellac. Shellac is soluble in 
alkalies, potasb^ ammonia, etc. but 
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’these ^in will not make a true solu- 
tion with oil, although an emulsion is 
possible. The proper solvent for 
shellac for the majority olF comqiercial 
purposes (French polish, spirit varnish, 
etc. ) is alcohol in the form of denatured 
or methylated spirit. 

In the process of bleaching shellac 
it is boiled in a solution of carbonate 
of potash (pearlash) until dissolved, 
then chlorine is passed through the 
solution. This bleaches the shellac 
and at the same time amses it to lie 
precipitated as an insoluble substance. 
The shellac is then washed, boiled in 
water again until pJisty, then worked 
with the hands, pulling it, until it has 
a .satiny aj>pcai'ance. A certain amount 
of bleaching ciin l>e eflected by simply 
boiling the shellac in the carbonate of 
potash solution, in wliioh case it must 
1)6 weak and only boiled to the pa.sty 
state. The subseciuent hand working 
(pulling, doubling and pulling again) 
is done the same. (Sec Blkachinu). 

Shellac, when stored, should be pro- 
tected from atmospheric influences. 
This is of importance, for it can cjuite 
lose its nature by exposure. When 
the lac is prepared it should be broken 
up, spread on a plate or paper, and set 
in a moderately warm place to dry. 
As soon as dry immerse it in the spirit, 
which may be in a jamjar or bottle, 
and place this in another vessel con- 
taining water, thus heating it in a 
water bath, just as glue is melted. 
Place a cloth of er the jar, then subject 
the water to heat over a low fire or 
gas ring until the spirit is at blood 
heat. The lac should then dissolve ; 
if it does not then it should be con- 
sidered useless for good work. 

It may not be generally known that 
shellac may be dissolv^ in l)oiling 
water, and a water vaniish, useful for 
many purposes, be made in this way : 
A gallon of boding water should have 
lb. of shellac put in it to tlissolve, 
and to. this is added J lb. borax and 
i oz, of glycerine. Mix until a proper 
solution is obtained , then strain through 
muslin. This varnish is most suitable 
forb isket work, photc^phic plates, 


and purposes where a clear easy work- 
ing varnish is required, but although 
waterproof it is not suited for exposure 
to weather. It mjvy, however, be 
used as a boot varnish. It can be 
coloured with any dye soluble in water ; 
if black is used this varnish makes a 
good indelible stencilling ink. The 
small proportion of glycerine afJt)rd8 
elasticity. It is a rapid drying varnish . 
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Shot. 



Fig. C9. 


Materials.— Shot, though some- 
timea rnado. of lead alone, is almost 
always formed of an alloy of arsenic 
an^l lead, the arsenic being introduced ' 
in the form of arsenious acid or the ! 
sulphide (orpiment). The object of j 
the addition of the arsenic is to slightly ' 
harden the lead, and render it capable i 
of cooling to a globular form. Owing j 
to the rapid decomposition of the arse- I 
nic, it is treated by itself in the bottom j 
of the melting-kettle shown in Fig. 
69. A cover is placed over the sub- 
stance, and its 
stem, which rises 
up through the 
kettle, is fastened 
down. The lead 
is then mided 
above the cover i 
and, when melted, 
the cover is lifted 
out of the liquid 
mass, winch in- 
stantly l)ecomes permeated by the 
' arsenic beneath. Tlie alloy thu.s pro- 
duced contains 45 lb. of arsenic to the 
ton of lead, and is known as** temper.” 
This again is added in the proportion 
of 1 per cent, to the pure le^, and 
thus the shot alloy, containing a very 
small percentage of arsenic, is produced. 
The making of quantities of the tem- 
per at a time is a great convenience, as 
the proportion of arsenic in the shot is 
thus kept uniform, wliile the melting 
can Ije done in the ordinary kettle in 
the summit of the shot-tower. The 
temper-pots hold about a ton of metal 
each, and the cooled product has a 
brownish gloss distinguishing it in a 
marked manner from the dull hue of 
the pure lead. 

Method of Manufacture.— The 

manufacture of shot was formerly uni- 
versally conducted in tall brick towers 
with iron frames, though modern in- 
veeitions have obviated the necessity for 
a long' ^p to cool the shot. In the 
top chamber is a melting-pot, whence 


the molten lead i.s dipped by workmen 
wearing thick gloves and wielding iron 
ladles. Tl’.e metal is poured into co- 
landers, which are simply perforated 
copper imns, resting in iron rings fas- 
tened over the well of the tower. In 
the l>ottom of the colander is placed a 
layer of the dross which rises to the 
surface of the lead during melting. 
This in a measure checks the too rapid 
csca})e of the melted metal, and is 
thought to have the effect of increasing 
the rotundity of the shot, possibly by 
expediting its cooling as it passes 
through. The holes in the colanders 
vary from to u inch, but the shot 
are of larger diameter than the orificee. 
In falling to the bise of tlie tower, the 
Ittirticles of semi-fluid lead, acted upon 
alike over their whole surface by a 
current of air, are made to assume the 
globular form, and by the time they 
reach the bottom they are sulliciently 
hanlened by cooling to bear the shock 
of striking the surface of the water in 
the well lielow. The size of the shot 
is only approximately fixed by the sizes 
of the holes in the colanders. The 
mass is Jilways larger than the hole 
from which it exudes, and as the period 
of dropping is not exactly uniform, 
j)er}iaps half-a-dozen sizes are produced 
from the same sieve. Again, lai^e- 
sized shot require to be dropped from 
a greater height than small-sized, and 
wlule in some cases 100 feet is suffi- 
cient, in others an elevation of 150 
feet is hardly enough. Buckshot, as 
will be explained further on, are not 
made by the dropping process at all, 
owing to their size. 

Various devices have been proposed 
for shot-making, having for their object 
the abolition of the tower. One pro- 
cess consists in pouring lead upon a 
revolving table on which is placed a 
cylinder of i)erforated sheet brass. 
The table is revolved with a velocity pf 
1,000 feet per minute on the periphery, 
and the lead is thrown through the' 
perforations on the side, forming round 
shot, which strike against a linen screen 
placed to intercept them. A method 
has ‘also beea patented for dropjang 
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shot tlirou^h short distances, but sub- 
jecting them meanwhile to a powerful 
air-curro»t which cools them. 

After the shot have reached the bot- 
tom of the well they are at once lifted 
out by an elevator and thrown upon 
an inclined drying table, over which 
they slide, falling ultimately into a 
wire-gauze rotating cyhiider. Here 
they are rolled and ground together, 
and in this way the minute burrs ufion 
ihem are removed . From the cylinder 
another elevator lifts the slu)t upon a 
screening-table, which consists of a 
series of planes arranged at gradually 
decreasing lieights. Between each two 
is an interval. Tlxe sliot, being sbirtcd 
at the end of the highest plane, will, 
if perfect, roll from one plane to 
another, jumping over the interme- 
diate spaces ; if imperfect, however 
tlie latter become pitfalls, into which 
sooner or later, it tumbles, and is 
carried off into a receptacle, the con- ; 
tents of whicli go Ijack to the melting- * 
kettle. The good shot, after puisiug 
this ordeal, reach the sejxirators. There 
are usually several tables, each devoted 
to a different size of shot and its ap- 
proximating sizes. Tliis is for con- 
venience in future sepirating. The { 
shot are next elevated to the top cylin- 
der of a series, arranged on ?in incline. 
Two of these cjdinders are represented 
in Fig. 70. T^ey are conical in form, 



Fig. 70. I 


inclined,. and covered with perforated 
sheet brass. Each cylinder serves as 
a sieve for a particular size of sh<*t, 
retaining that and allowing all smaller ; 
awes to escape. Tl^ shot, as the \ 


cylinder revolves, traverses its entire 
length, and then the small ones run 
out into the next cylinder l)elow, and 
thus the sifting goes on until each 
cylinder has picked out the particular 
class of shot to which it, is adapted. 

The sizes of shot are standard. The 
smallest is known as “dust,”^and 
then comes No. 12, which is 0*05 inch 
in diameter, 2,326 shot going to the 
oz. The sizes then increase by hun- 
dredths of an inch up to j-f,'*,,, of which 
there are 24 shot to the oz. 

The shot lieing now assorted, polish- 
ing alone remains to be done. This is 
accomplished by placiVig the shot to- 
gether with graphite (plumliago) in a^ 
Iwx, which is rapidly rotated. This 
imparts the glossy black smoothness 
demanded by sjxirtsmcn. The shot 
are then weighed, Iwgged, and are 
ready for commerce. 

Buckshot, which range in size from 
22 to 38 hundredths of an inch, are 
moulded. The moulds represented 
in Fig. 71 consist of a series of pivoted 



Fig. 71. 


bars, the outer jiair of which have 
^ hamlles. The upper edges of these 
j bare are hollowed to form the moulds, 
80 that when they are closed together 
the opposite halves of each cavity unite, 
and it is only necessary to pour the 
lead into the apertures. The shot are 
thus at once moulded to the proper 
size, so that tumbling and jiolishing 
only are subseiiuently required. 
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Silvering. 

{See also Electro Plating 
ami Mirrokf). 

Purifying Silver.— The silver 
fouirl in the trade, even under the 
name of virgin silver, retains traces of 
copper. Silver is purifietl by several 
methods (a) The impure metal is 
dissolved by nitric ac’id, and the solu- 
tion being largely diluted with water, 
add to it an excess of a filtered solu- 
tion of common salt. An abundant 
white prccipitat6 of silver chloride is 
profluced, which rapidly settles to the 
CK)ttoin of the vessel. All the silver 
salt is . decomposed when the clear 
liquid is not rendered turbid by a 
further addition of salt. The silver 
chloride is collected, and washetl 
several times, until the liquors arc no 
longer colour^ brown by yellow prus- 
siate of potash. This is the proof that 
all the copi)er has licen washed out. 
The washed silver chloride is mixed 
with two or three times its own 
weight df soda carbonate, dried, and 
melted in a crucible. After cooling 
the metal is found in a conical button 
at the bottom of the crucible. To 
^nulate it, the molten silver is poured 
&om a heighfi of about 3 feet into a 
large volume of water. 

(b) The alloy of copper and silver is 
dissolved in nitric acid, and the solu- 
tion is evaporated until the salts 
fuse. After cooling the fused mass 
is gradually thrown into a red-hot cru- 
cible, when the nitric acid escapes, 
leaving behind the silver in the metal- 
lic state, and the copper as oxide. 
The separation of the two takes place 
naturally, and is aided by the addition 
of dry borax, which dissolves the 
copper oxide. Silver is easily dissolved 
in pure nitric acid, but not so rapidly 
in one contaminated by chlorine or 
hydrochloric acid, which produces a 
epat of silver cUoride around the 
metal, *bhd therefore forms an obsta- 
(de to its^ solution. Sulphuric acid 
also pothbihes with silver, and the re- 


sulting salt is but slightly soluble. 
Pure silver is employed for the pre- 
paration of tlie nitrate and other silver 
salts, and for soluble anode in silver 
baths. 

Silver Nitrate.— (u) Add silver 
to nitric acid, previously diluted with 
twice its weight of water, in a flask, 
and apply a gentle heat until the metal 
is dissolved, the clear liquor is then 
separated from any black powder which 
may be present, evaporated and crys- 
tallised. The crystals are dried by 
exposure to the air, taking care that 
they do not come in contact with any 
organic substance. 

(b) Dissolve the silver in jpure nitric 
acid, and evaporate. *The nitrate is 
yielded in square anhydrous tables. 
Dissolve this in distill^ water, filter, 
and evaporate again, and the nitrate is 
obtained pure.* 

Plating Solutions.— (a) Silver 
nitrate, 1 part ; common salt, 1 ; 
cream of tartar, 7 ; .powder and mix. 

(6) Silver nitrate, 1 part ; potassium 
cyanide, 3. Both are applied by wet- 
ting with a little water and rubbing on 
the article to be plated, which must 
be quite clean. Plating done by the 
above will be very thin, but it will be 
silver. t 

(c) Get a gla^d earthen vessel, put 
in 1 oz. nitric acid ; plate it on a slow 
fire ; it will boil instantly. Throw in 
some pieces of real silver ; this will be 
dissolved at once. As soonV dissolved, 
throw in a good handful of salt to kill 
the acid, then make into a paste with 
common whiting. The article required 
to be silvered to be cleaned from grease, 
and dirt, and the paste to be applied 
with a little water and washleather. 
This will keep for years. 

(d) Silver nitrate, 66 parts ; solution 
of ammonia, 60 ; soda hyposulphite, 
100 ; precipitated chalk, 100; distill^' 
water, 1,000. 

(c) Dissolve 2 oz. silver with 3 
•corrosive sublimate ; add tartaric acid, 
4 lb.; salt, 8 qt. 

(/) 1 oz. silver nitrate is diasolved 
in 1 qt. rain or ^tilled water, and a. 
few ciystals of so^ hyposulphite are 
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added, which forma brown precipitate 
soluble in a slight excess of hyi>o8ul- 
phito. Small articles of steel, brass, 
or German silver may be 'silveretl by 
dipping a sponge in the solution and 
rubbing it over the surbicc of the arti- 
cle U) be coated. A more concen- 
trated solution may Ikj used for coat- 
ing piirts of articles which have stripped 
or blistered, by applying it with a 
camcl-liair pencil to the pirt, and 
touching the s})ot at the stinie time 
with a thin clean piece of zinc. 

Silvering Clock Dials. - -Uub 
the dial with a mixture of silver 
chloride, tartar, and sea-salt, and 
atterwards rub olF the saline matter 
'%ith water. This silvering is not 
durable, but it may Iw improved by 
heating the article, and repeating the 
operation once, or oftoner, if thought 
necessary. 

Silvering Iron.— (<r) 15 grin, 
silver nitrate are dissolved in 250 grm. 
water, and 30 gi’in. potassium cyanide 
are added ; when the solution is com- 
plete the liquid is poured into 750 grm. 
water, in which 15 grm. common salt 
have liecn previously dissolved. 

(5) Cast-iron intended to lie silvered 
by this solution should, fifter having 
been well cleaned, be placed for a few 
minutes in a bath of nitric acid of 1*2 
sp. gr., just previous to being placed 
in the silvering 6wid. 

(e) Polish the surface very clean and 
level with a burnisher ; then expose it 
to a blueing hcii, ; a leaf of silver is to 
be properly placed and oirefully bur- 
nished down. This is repeated until 
sufficient leaves are applied to give the 
silver a proper body. 

(d) By solder. Slips of thin solder 
are placed between the iron and silver 
with a little flux, and secured together 
by binding wire. Then place in a clear 
fire until the solder melts ; when it is 
taken out, on cooling, the silver will 
^kdhere firmly. 

(c) By tinning the iron first and 
uniting the silver by means of slips of 
rolled tin, brought into fusion in a 
, gentle heat. 

(/) A manufacturer jp Vienna em- 


ploys the following process for silvering 
iron. He first covers the iron with 
mercury, and silvers by the galvanic 
process. By heating to 670° F. the 
mercury evaporates and the silver layer 
is fixed. Ironware is first heated with 
dilute hydrochloric acid,* and then 
dipped in a solution of mercury nitrate, 
being at the same time in communlBa- 
iion with the zinc pole of an electric 
battery, a piece of gas airbon or plati- 
num iKjing used as an anode for the 
other }X)le. The metal is soon covered 
with a layer of ({uicksilver, and is then 
taken out and well washed and silvered 
in a silver solution. To save silver 
the ware can be first covered with a 
layer of tin ; 1 jiart cream of tartar is 
dissolved in eight of boiling water, and 
one or more tin anodes are joined with 
the carbon polo of a Bunsen element. 
The zinc pole communicates with a 
well-cleaned piece of cop{)er, and the 
battery is made to act till enough tin 
is <leposited on the copper, when this 
is taken out and the ironware is put 
into its place. The ware thus covered 
with tin chemically pure and silvered 
is much cheaper than any other 
silvered metals. 

Plated Silver Beflectors.— A 

bitli made of water. If pint; silver 
nitrate, 2 oz, ; iwtassium cyanide, 
10^ oz. Add sufficient 8papish white, 
or levigated chalk, in fine powder to 
pniduce a thin paste, wliich is kept in 
a well-closed pot. This paste is spread 
by a brush or pad of old linen all over 
the surface of the reflector, and allowed 
almost to dry, when it is briskly rubbed 
over by another clean dry rag of old 
linen. 

Silvering on Solder.— The dif- 
ficulty of obtaining regular deposits 
of silver over articles which have parts 
soldered may be greatly obviated by 
scratch-brushing those parts dry, that 
is, without the usual’ liquid employed. 
Tliis renders these refractory parts 
better conducting, provided ^ that 
during the operation no impurities are 
left on these spots. ^ 

Silvering Thermometer 
Scales. — Take ^ oz. silver nitrate ; 
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dissolve in half a tea-cupful of cold it is preferable to invert the electric 
water ; add J lb, cream of tartar, with current in a cyanide bath, or to use 

lb. common salt beaten or ground mechanical processes. Old desilvering 
fine. Mi^ and stir well together, liquors beedme green after use ; to re- 
adding water until it attains the con- cover the silver they are diluted with 
sistence of a thick paste. Now lay the four or five times their volume of water, 
scale on a board, the brass or copper then add hydrochloric acid or common 
being previously well cleaned and cast salt. The precipitation is complete 
off*, from fine sand-paper ; rub the when the settled liquor does not be- 
silvering on with your hand until it come turbid by a new addition of 
attains the api)earance of silver, which common salt or hydrochloric acid, 
will Ije a minute or so ; now take the The resulting silver chloride is sepa- 
work off the board and rub a little wet rated from the liquid either by decanta- 
wliiting over it, wash out in clean cold tion or filtration, and is afterwards re- 
water, and dry in sawdust. If var- duced to the mebillic state, 
nished with a thin coat of white hard (c) For dissolving silver in the cold 
varnish, reduced in spirits of wine, this the objects are hung in a large vessel 
will last for years. The alwve quan- filled with the following mixture > 
tity of silvering, used with care, will Sulphuric acid at 66° B., 10 parts ; 
silver six dozen brewers’ thermometers nitric acid at 40° B., 1, in which they 
14 inches long. remain for a greater or less length of * 

De -silvering. — {a) The following time, according to the thickness of the 
liquid will dissolve silver without coat of silver to be dissolved. This 
attacking coj)per, l^rass or German liquid, when it does not contain water, 
silver, so as to remove the silver from dissolves the silver without sensibly 
silvered objects, plated ware, etc. It is corrodinjg copper and its alloys ; there- 
a mixture of 1 part nitric acid with 6 fore avoid introducing wet articles into 
parts sulphuric, heated in a water- it, and keep the liquid perfectly 
bath to 160° F., at which temperature covered when not in use. As far as 
it operates best. practicable, place the articles in the 

(b) Mix sulphuric acid, 1 part ; liquid so as not to touch each other, 

•nilbric acid, 1 ; water, 1 ; boil the and in a vertical j^sition, so that the 
metal in the mixture till it is dis- silver salt; will fall to the bottom. In 
solvetl, and throw in a little salt to proportion as the action of the liquor 
cause the silver to subside. diminishes pdur in small and gradual 

(c) Nearly fill a flat pan of enamelled additions of nitric acid. Dissolving 
cast iron with concentrated sulphuric silver in the cold is regular and certain, 
acid, and heat to a temperature of but slow, especially whLn the propr- 
300°-400° F. ; at the moment of using tion of silver is fp-eat. 

it pinches of dry powdered saltpetre Hot Silvering. — (a) Dlssoh e 1 
are thrown into it ; then hold the oz. silver in nitric acid ; add a small 
article with copper tongs in the liquid, quantity of salt ; then wash it and add 
The silver rapidly dissolves, and the sal ammoniac, or 6 oz. salt and wliite 
copper or its alloys are not sensibly vitriol ; alsoj oz. corrosive sublimate ; 
corroded. According to the rapidity rub them together till they form a 
of the solution, more or fewer pinches paste. Rub the piece which is to be 
of saltpetre are added. All the silver silvered with the paste, heat it till the 
has been dissolved when, after rinsing silver runs, after which dip it in a 
in water and dipping the articles into weak vitriol pickle to clean it. 
the cleansing adds, they present no (b) For small articles a bath is made 
brown or bl^k spots, that is, wheq by dissolving in an enamelled cast-iron 
they appear like new metals. kettle in 2 gal. water, I7i oz. ordinary ' 

(d^ For removing the silver from potassium cyanide. Also dissolve 
wroughl tmd oast iron, zinc, or lead, oz. fused silver nitrate in If pint 
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water contained in a or porcelain 
vcHseJ. The second solution is gradu* 
ally iK)ured into the firstt Stir with 
a glass rtal. The wliite or greyish- 
white prccipiUite produced soon dis- 
solves, and the I'eniaining liquor is 
filtered if a jx'rfectly clear l«,th is 
desired. Wlien brought to the boiling- 
point, it will iainiediatcly silver the 
cleansed copper articles plungetl in it. 
The objects niii.st be (juickly with- 
drawn. The Slivering shouhl ininie- 
diately follow the cleaiibing, althougli 
the rinsings after each operation slumld 
lie thorough and complete. This bright 
and light silvering is adapted for set 
^jewellery, which e.annot lie scratch- 
brushed without flattening the claHjis, 
and to wliich a bright lustre is alwo- 
lutely necessary as a sulistitute for the 
foil of burnished silver placed under ' 
the precious .stones of real jewellery. 1 
The (‘mployrnent of the solution of j 
nitrate of binoxidcof mercury is useless, | 
and even injurious, for this liath. It ' 
is useless to keep up the strength of i 
the solution by new additions of cya- j 
mde and silver salt ; thus reinvigorated 
it gives results far inferior to those of 
the former solution . Tlic bath should, 
therefore, be worked out as long as 
the silvering is satisfactory, and when 
exliausted, put away witli Ihc waste. 
With tliis process a IwlAery and a so- 
luble anorle may be used tt) obtain a 
more durable deposit. 

(c) A solutii^n which, when Iwiling, 
produces a very fine sUver coat, with 
a dead, or jmrtly dead lustre, ujam 
cleansed coppers, is made by dissolving 
with the aid of heat, in a well-scoured 
copper kettle, distilled water, 9 pints ; 
potassium ferrocyanide, 21 oz. ; jxitash 
carbomite, 14 oz. When the liquid 
boils, add the well- washed chloride ob- 
tained from 1 oz. pure silver. This 
should lx)il for about J hour, and Imj 
filter^ before using ; part of the silver ; 
deposits upon the copper kettle, and | 
^ould be removed when a new batli I 
is pre{)ared. On account of tliis incon- 
venience, the process has lieen nearly 
abandoned, although the products are 
remarkably fine. Al^athe dipping sil - 1 


vering baths, which contain a compara- 
tively great excess of potassium cyanide 
to the projK)rtion of the silver salt, will 
silver well copper articles perfectly 
cleansed, even in the cold ; wheretis 
this pro^jerty diminishes in pro[K)rtion 
to the increase of the amount of silver 
in the hith, or witii the ilecreas* of 
the amount of cyanide. 

{( 1 ) For small articles, partly copper 
and pju'tly iron, such as those used for 
«ul<llery and carriage wares, a par- 
ticular process of silveiing is used. The 
kith is composed of : Water, 9 pints ; 
caustic potash, 6 oz. ; {Kitiisii bicarbon- 
ate. oz. ; p^jtassiura cyanide, 2 oz. ; 
fused silver nitrate, 5 oz. The cyanide, 
cAustic jMitash, anti bicarbonate are 
di.s.solved in 7 pints of water in an 
enamelled cast-iron kettle, then the 
remaining tjuart of water, in which the 
silver nitrate has been separately dis- 
solved, is atlded to the former solution. 
For the silvering operations, the articles 
are cleansed, thoroughly rinsed, and 
put into a small enamelled kettle. 
Enough of the silver bath is poured 
in to cover the articles entirely, and 
the whole is brought to a boil for a 
few seconds, and stirred with a wooden 
spatula. When the silvering appeartf 
satisfactory, the liquor employed is put 
witli the saved waste ; the same liquid 
is never used for two batches of articles. 
This process gives a somewhat durable 
silvering with adcatl lustre, of agreyish- 
white, which is increased in whiteness 
and brightness by soap and burnishing. 

Silvering with Foil. —This 
method is never practised except upon 
objects already manufactured, in their 
definite shape, and is adopted to all 
kinds of copper, bronze, or brass. It 
is, ill certain respects, superior to 
plated silver, but is very difficult of 
execution, and has less adhesion to 
the metal underneath. After anneal- 
ing the articles, they are tlirown 
whilst hot into a bath of sulphuric 
^id with a small propoi tion of hydro- 
chloric and nitric acid.s. Tliey have 
then a dull and dead lustre, owing to 
a multitude of small holes, which are 
so many points of attachment for the 
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silver foil. The objects, thus pre- i 
pared, are tightly fixed upon an iron 
rod, which is held in a vice. Their 
tepiperature is raised to about 300° F., 
by means of incandescent charcoal put 
at the propey place, so as to open the 
pores of the metal, wliich, by cooling 
afterwards, will imprison the silver 
apjuiecl. The silver foils, teken from 
the Ixjok with small tweezers, are cut 
to the proper size upon a cushion with 
an ivory or steel knife. After each 
foil is deposited upon the object, it is 
made to adhere by a light pressure of 
a rag pad, and afterwards by the fric- 
tion of a steel burnishing tool. The j 
parts of the silver foil which do not 
adhere are removed with a soft brush. 
Gold-beaters prepare silver foil either 
with bright or dc^ lustre. The latter 
is made to adhere only by the pressure 
of the pad, and not by the bur nishing 
tool. This dead lustre cannot compare 
in fineness with that obtained by the 
battery ; however, it resists handling 
and the sulphur gasesof the atmosphere 
better. Articles thus silvered are only 
burnished after all the silver foils have 
been applied ; round or cylindrical 
objects are burnished upon the lathe, 
rother forms by the hand ; there are 
always places and lines .showing the 
vibrations of the burnishing tool. 
This method of silvering is only em- 
ployed for vopr laige objects, such as 
nigh phandeliers and other church 
ornaments. Spoons and forks may be 
covered with silver foil, as follows 
First slightly silver with a dead lustre 
in a silver bath by dipping ; heat, 
and then cover with silver foil, by the 
pressure of an iron scratch-brush 
striking vertically, forcing the silver 
foils into the pores of the metal under- 
neath. Burnish by the usual method ; 
it is impossible to obtain a dead lustre 
by this method. 

White^g with Silver in a 

Pot. — ^This operation is still employed 
for whitening small ware for wliich 
durability is of secondary importancef, 
land, which simply require the wliiteuess 
of shv^ ; such as hooks and eyes, or 
buttons. : This whitening is made as 


follows : — (a) Dissolve a certain quan- 
tity of pure granulated silver in double 
its weight of pure nitric acid. The 
solution is largely diluted with water, 
and the metal is precipitated in heavy 
white clods by common salt or hydro- 
chloric Eicid. All the silver nitrate 
hjis lieen decomposed when a further 
addition of hydrochloric acid or com- 
mon Bsdt to the clear sufjernatiint 
li<iuid does not produce any turbidity. 
The clear liquors arc then thrown 
away, and the silver chloride obtained 
is washed several times, to depi-ive it 
of all free acid. If this {Tecipitate is 
to be kept some time before use it 
should l)e removed from the sunlight, 
which blackens it rapidly. . The silver 
chloride, with a little water, is thor- 
ougldy mixe<l with at least 80 times 
its weight of finely powdered potash 
bitartrate, and kept in a stoneware 
pot. 

(6) Pure silver for making the 
chloride, 1 part ; powdered cream tar- 
tar, salt, 83 parts each ; a few spoon- 
fuls of the paste thrown in, and dis- 
solved in boiling water contained in a 
pure copper kettle. The articles are 
dipped into this bath by a hook, or in 
a basket of wire gauze. Or liave 
another basin of copper, shallow and 
perforated with holes, which rests 
against the upper sides of the kettle. 
By means of handles* tliis basin can 
bo removed at once with its contents. 
Stir the articles with a wooden spatula ; 
and at each operation add a quantity 
of paste, proportioned to the surfaces 
to l)e whitened. These baths do not 
work well when freshly made, but im- 
prove as they are more used. They 
acquire a dark green tint, due to the 
copper which is dissolved, and which 
takes the place of the deposited silver. 
Varnishing, colouring, and cleansing 
may be done in aquafortis ; but these 
cleansing methods are inferior to those 
employed for gilding ; in general, use 
the worn-out acids of ^ders. Brighten 
the articles by friction with saw-dust. 
The smallest particle of iron, zinc, or 
tin introduced into the whitening-bath 
imparts a red ^^colour to the bi^ or 
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copper articles in the liquor. The iron 
is neparated by a magnet ; the zinc is 
dissolved in pickles of hydrochloric 
or sulphuric acid, wliich, when cold, 
do not seii&ibly corrode the copj^er 
articles ; tin or lead must Ik; jjicketl out i 
by hand. If the o{>eration lias not 
succ(;edc(l, the articles arc j)luuged for 
a few seconds into a boiling solution of 
water, 2^ gal. ; silver nitmte, oz. ; 
ordinary potassium cyanide, 21 oz. 
This bath rebiins its strength for a 
long time, and increases the Ijrightiiess 
and whiteness of the deposit. The 
process of silvering by (lipping has 
nearly superseded this method. 

Silvering Powder.— (n) Take 
40 gr. silver dust ; cream of hirtar, 
iJdr. ; common salt, 2 dr. ; audlOgr. 
po\sder of alum. Polish any silver 
articles with this powder and a soft 
leather. 

(6) Silver nitrate, 30 gr. ; common 
salt, 30 dr. ; cream of hirbir, 3^ dr. 
Mix, moisten with water, and apply. 

Plated Silver is obtained by roll- 
ing togel-her a plate of copper of the 
first quality, and one of silver ; these 
are either welded, or simply united by 
placing their hot and clean surfaces 
together, wetted with a concentrated 
solution of silver nitrate., Tlie two 
metals are reduced and drawn out 
about e(|ually by the pfessuie of rolls, 
and long slieets or lunids of silvered 
metal are thus obtained, with which a 
great many jirticles may be manufac- 
tured. By this mode of operation, a 
great quantity of material is lost, as 
the objects have to Ije cut out from a 
sheet entirely silvered, and the waste 
retains a large projxirtion of tliat 
metal ; the cut sections present ports 
without silver, which must be hidden 
by ledges, or by silvering by another 
method. There is also the absolute 
necessity of employing pure copper, 
'which is more costly, less sonorous, 
and not so tough os its alloys ; but the 
greatest defect of the process is the 
difference of thickness of the silver, 
according to the sluipe of the object. 
Raised surfaces are the most exposed 
to friction, and it is jtfit there tliat the 


coat of silver is the thiiviesi ; the con- 
ditions are reversed with electro-silver- 
ing, and the parts in relief receive a ' 
more abundant deposit of silver, which 
is a satisfactory result. The best 
plated silver is manufacthred by apply- 
ing ujK)n an ingot of pure copper 
weighing 9 parts, another ingIH of 
pui‘c silver weighing 1 part, to coat 
one side only ; add another part of 
silver, if it is intended to coat l)oth 
sides. The two are rolled together 
until the desired thickness is obtained. 
The silver of the plated metal will be 
bright if the rollers are well polished, 
and dull with rough rollers. The only 
solder which does not injure plated 
silver is tin solder ; and when tlie ob- 
jects manufactured are re(iuired to re- 
sist a warm temperatuie, nuts and 
screws arc employed. 

(a) The electroplating of old wares 
matle from ct>pper with a covering 
of silver is often difficult. Sup- 
posing it is required to electroplate 
an old cruet-stand, the bottom is 
separated from the wire, either by 
unsoldering or unscrewing. Smooth 
by emeiy cloth, or pulnice and water, 
or by powdered bath-brick brushed 
over with a hard brush. Spots of 
verdigris are removed with a few 
drops of hydrochloric acid. The great 
difficulty consists in giving a good elec- 
tro-de^wsit upon the edges or mounts 
where there may be some lead* or lead 
solder; apply to such jiarts with a 
rather soft brush a solution made by 
dissolving 4 oz. mercury in nitric acid 
and adding about ^ pint cold water 
This solution is lightly brushed over 
the lead mounts only ; the article and 
brush are then well rinsed, and the 
brush and plain water are applied in 
the same way. The solution of mer- 
cury will turn the edges black, or dark 
grey, but the subsequent brushing will 
render them bright again. The frame 
when well rinsed is ready for the de- 
. pelting bath. If, on its first immer- 
sion, any black spots appear, the frame 
may be removed, again brushed*over, 
and finally returned to the bath. If 
the edges do not receive the coating of 
* H 2 
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silver as readily as the other i)art8, the 
solution nuiy require a little more 
cyanide, or^a greater bitteiy power, or 
an increase in the surface of the anode. 
These lead edges may be prepared for 
receiving the silver deposit by a pre- 
vious coat of copper applied as follows: 
Thoiedges are plunged into a solution 
of copper sulphate, with a little free 
sulphuric acid in it ; then, by hmcliing 
the lead edge with an iron wire, it is 
immediately coated witli a bright de- 
jwsit of cop|)er, which is rinsed and 
becomes a good conductor for the fur- 
ther ' electro-deposit of silver. The 
coating of tin underneath the bottom 
of cruet fnimes is very difficult to plate, 
unless in a solution made expressly for 
it; therefore it is prefend )le to remove 
it either with abrading materials, or 
with nitric acid employed with wwe. 
This process of depositing copjx)r will lie 
found useful notonly f( >r old plated ware, 
but also for many articles on which arc 
found unruly spots of tin solder. 

(b) Oxidised parts and gilding may 
be put upon the same article by the 
following method ; After the whole 
surface L'ls been gilt, cerUuu jK)rtions 
are covered with the resist varnish ; 
silver the remainder. Should the pro- 
cess of silvering by paste and cold 
rubbing be employed, the gilding 
should l3e very pale, Iwcause it is not 
preserved, and is deeply reddened by 
the sulphur liquor. When this incon- 
venience occurs from a too concentrated 
liquor, it is partly remedied )»y rapidly 
washing the article in a tepid solution 
of potassium cyanide, 

(c) Deep black is thus obtained upon 
cleansed copper : Dissolve 3-4 oz. blue 
ashes (copper hydrocarbonate) in a suf- 
ficient quantity of aqua ammonia, place 
the cleansed copper in this solution, 
cold or tepid ; it will be iustjuitaue- 
ously covered with a fine black deposit. 
This coat is so thin that burnished 
articles look like varnished block. 

(d) Oxidise silver-plated articles by. 
^dissolving copper sulphate, 2 dwt., 
potash nitrate, 1 dwt., and ammonia 
muriate, 2„dwt., in a little acetic acid. 
Apply with a camel-hair pencil ; but 


warm the article first, and expose it to 
the fumes of sulphur in a closed box ; 
the parts nol to be coloured must be 
coat^ with wax. 

Silvering Brass.— (a) Take J lb. 
{K)ta88iura cyanide and ^ oz. silver 
nitrate ; dissolve all the cyanide in 
16 oz. distilled or boiled water, and 
the silver in a similar (juantity in 
another vessel. Into the vessel con- 
taining the silver, throw a 8jK)onful of 
common salt ; stir this up well with 
a clean i>iece of wood and let it settle ; 
dissolve some salt in water, and after 
the silver solution is settled mix a few 
I drops of tlie salt water in it. If there 
is any cloudiness formed it proves 
that ^ the silver is not thrown down ; 
more salt must be added, and then 
stir and allow to settle. If the aildi- 
tion of salt water lias no effect, the 
water may lie dectmted off*, carefully 
preserving the white deposit. Now 
pour some Innling water on this de- 
posit ; let it settle, and p:>ur off as 
before. Do this at le.ast three times ; 
|H)ur off .'IS dry as possible, and add 
alH)ut 1 pint clean water, and then by 
^ oz. at a time the cyanide solution, 
till all the wliite precipitate is dis- 
solved ; add enough water to make 
J gal. St\r well after etwh addition of 
cyanide solution. If on dipping the 
article, which 'must be well cleaned 
with brick -dust and water, into tliis 
solution the silver deposits immedi- 
ately and in a dark po’.^dcr, it must 
be weakened by abiding more water ; 
if it coats slowly, more white pre- 
cipitate must be prepared, washed, 
and added to it. Tins must also be 
done when the solution is getting short 
of silver. It works best at about 60°- . 
70” F. ; a dry, warm room suits the 
operation. Brass and copper only can 
Imj silvered ; other metals require a 
battery. This method gives a l)eau- 
tiful result when the work is pohsheeP 
and burnished. 

(6) Clean the articles thoroughly, 
and then immerse them for a leW 
seconds in a solution of silver cyanide, 
which will plate them without any 
further trouble. S 
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((!) A wlveriiif» solution, which will 
cover hnisH, (Icrman sih er, ami copper 
with a thin but substantial film of sil- 
ver, may lie made by adding to a 
strwng solution of silver nitrate suffi- 
cient of a solution of potassium cyanide 
t(> rodissolve the preci])itate at first 
thrown down. Mix in witli this sufli- 
cient Sjianish whiting or preeijiitated 
chalk to make a thin jiaste. This 
solution, to obtfiin its liest effect, 
should iKi ^lightly warmed l)efore 
application, and the articles to In; 
silvered should be clean and free from 
grease. J>y s(yittering or rubbing zinc 
filings (Aci' the sui'faee to be sihered, 
esiK^cially if it lx; of copper, a much 
more beautiful ellect is produced, the 
filings lx;ing washed off* after the silver 
coating is obtainetl. 

(d) To coat copper or brass objects 
with silver, without difficulty or loss 
of time, mix 3 jiarts silver chloride 
with 20 of powdei'cd cri'am of tartar 
and 15 of powdered common salt. 
Moisten a suitable (juantity of tlse 
mixture with water, and rub it with 
a piece of blotting piper ujion the 
metallic object, which must be thor- 
oughly clean. The latter is after- 
wanls rublx’d with a piecx; of cotton 
uixm which precijiitated chalk is 
dusted, then washeil with* water, and 
polished with a dry cloth. 

Silveriiuj - paste for Brass . — This 
may l>e used for clock-dials, liaro- 
meters, metjjil-fronted thermometers, 
etc. Put in an eiutheuwaro cuj> 
an ounce of silver, pure silver if 
obtainable, but coin silver will do. 
Fill the cup half-full of nitric acid, 
then stand it in a Hauc(;{>an of Water 
to 1)0 heated. As the heating takes 
place brown fumes will come oil’ ; these 
must not be breathed. When the 
fumes cease, add a tcaspoonful of table- 
salt. Fuming will re-commence, but 
‘Boon cease. The cup is then nt once 
taken from the heat and filled veiy 
slowly with cold water. A white 
powder will form ; allow tliis to 
settle to the bottom, then slowly 
decant the liquid. When almost 
empty, fill again wifji cold water, and 


decant again, repeating this process 
at least half a dozen times. Mix the 
powder (commercial chloiide of silver 
will do instead) with 10 lb. table-salt 
and J lb. cream of tartar. Mix thor- 
oughly dry, then add. enough cold 
water to make a paste. Add the ” 
water slowly, so as not to get in too 
much. Keep in a covered vessel and 
from the light. 

The piece to l)e silvered should be 
thoroughly cleaned with emery cloth 
or {japer just l)ef6re applying the paste, 
which is to lie put on by hand and 
rublxMl well in the surface of the work. 
After this is done, the work should 
have a dirty, silvery yellow tinge, 
which will be brightened by rubbing 
with a dry mixture of ^ lb. of cream 
of birtar and 10 lb. salt well mixed. 
The work should be thoroughly washed 
to clear it of the surplus salt, and then 
dried in sawdust and l!ic<]uered. 

Cold Silvering.— (a) 2 dr. tartar, 
2 dr. common salt, ^ dr. alum, and 20 
gi'. silver, precipitated from the nitrous 
acid by cof>per. Make into a paste 
! with a little water. This is to be 
I rubl)ed on the surface to be silVered 
I with a cork. 

I (/)) Tfissolve pure silver in aquafortis 
. and precipitate the silver with common 
I salt ; make this precipitate into a paste 
! by tulding a little more salt and cream- 
j of tartar. It is applied as in (a). 

I (c) A stoneware or glass vessel is 
I about three jiarts filled with liquid 
.soda bisulphite ; a solution of silver 
nitnitc in distilled water, of medium 
I concentration is gnidually added while 
the Ixith is continually stirred with a 
glass nxl ; a wliite flocculent precipi- 
; tate of silver sulphite is produced by 
I stirring ; this is dissolved by the soda 
bisulphite. The silver solution is 
added so long as the precipitate readily 
disappears, and stopped when it be- 
comes slow to dissolve. This bath is 
always ready to work, and instantane- 
ously protluoes a magnificent silvering 
upon copper, bronze, or brass articles 
which liave been thoroughly cleansed 
and passed through a weak ^lution of 
1 nitrate of binoxide of mercury, al- 
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though this last operation is not abso- 
lutely necessary. The loss of silver is 
made good hy additions of silver nitrate. 
When the proportion of the bisulphite 
is not Bufiicient to dissolve the metallic 
salt, add some soda bisulphite to 
•restore the bath to its primitive state. 
Silver is slowly deposited upon the 
sides^Of the vessel ; this may be dis- 
solved in nitric acid for future uses. 

As the liath is cold it is always ready 
for use, and the deposit is finer and 
more unalterable, because only chemi- 
cally pure silver is deposited, without 
any mixture of subsalts. Bisulphites 
of potash, ammonia, and other alkalies 
may be substituted for the soda bisul- 
phite, but the latter is to be preferred 
because it is cheaper. 

id) By rubbing, with the thumb, a 
cork, or a brush. The results are 
better than those by the whitening 
process, but not very durable ; the 
method is useful to repair slight 
defects upon more durable silverings, 
and to produce mixtures of gold and 
silver, or gold, upon slightly gilt 
objects, thus avoiding the use of resist 
varnishes. Make a paste hy thoroughly 
grinding in a porcelain mortar or 
with a muller, and, as far as practi- 
cable, not in the light —(1) Water, 
lJ-5 oz. ; white fused silver nitrate, 
or, preferably, chloride, 7 oz. ; potash 
binoxalate, 10^ oz. ; potash bitartrate, 
10} oz. ; common salt, 15 oz. ; sal 
ammoniac, 2f oz. (2) Silver chloride, 
3} oz. ; potash bitartrate, 7 oz. ; 
common salt, 10} oz. When finely 
pulverised in a porcelain mortar, tritur- 
ate it under a muller, upon a plate of 
ground glass until there is no granular 
feeling. Keep the paste in a porcelain 
*pot, or in a black glass vessel, to pre- 
serve it from the light, which decom- 
poses it rapidly. When about to use 
it, add a little water so as to form a 
thin paste, which is applied with a 
brush or pencil upon the cleansed 
articles of cop^r, or upon those gilt 
by dipping, or even upon those gilt by 
the»^batjeryj provided that the coating 
is thin enough to allow the copper to I 
decompose silver paste through 


I the coat of gold ; allow the paste to dry 
naturally, or with the aid of a gentle 
heat. The cl\emical reaction is more 
or less complete according to the thick- 
ne.ss of the gold deposit, and the dry 
paste is of a pink shade, or entirely 
j green. The siilts are removed by a 
thorough rinsing in cold water, and the 
silver appears with a fine frosted ap- 
pearance, the brightness of which may 
be increased by a few seconds’ im- 
mersion in a very dilute solution of 
sulphuric acid, or potassium cyanide. 
This silvering l)eai’s the action of the 
wire brush and of the burnishing tool 
very well ; and it may also be oxidised. 
Should a first silvering not be found 
sufficiently durable after scratch- 
brushing, apply a second or a third 
coat. This silvering is not so adher- 
ing or white on pure copper as upon a 
gilt surface. For the reflectors of 
lanterns the paste is rubbed upon the 
reflector with a fine linen pad ; then, 
with another rag, a thin paste oi Span- 
ish white, or similar substance, is 
spread over the reflector and allowed 
to dry, Rubbing with a fine and clean 
linen rag will restore tho lustre and 
whiteness of the plated silver. 

Preparing Soda Buulphite for 
Cold Silvering . — Put into a tall 
vessel of gJass or porcelain, water, 
10 pints ; crystajlised soda carlwnate, 

I 10 lb. Pour a little tnercury into 
i the bottom of the vessel, so tliat the 
^ glass tube carrying sulphurous acid 
; gas, which has to be placed in it, may 
not be stopped by the crystals formed 
I during the operation. Arrange an 
I apparatus for the production of sul- 
I phurous acid gas, and let the washed 
I gas pass through the vessel holding 
I the soila carbonate. Part of the sodR 
is transformed into sulpliite, wliich 
dissolves, and a part falls to the 
bottom as bicarbonate. The latter is, 
however, transformed into sulphite by 
a continuous production of sulphurous 
acid, and the carbonic acid escapes. 
When all has dissolved, continue the 
passage of sulphurous acid until the 
liquid slightly reddens blue litmus 
paper, and then ppt the whole aside 
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for 24 hours. After that some 
crystals arc found upon the mercury, 
and the liquid above, rtiore or less 
coloured, is the soda bisulphite for 
silvering. The crystals are separated 
from the mercury, drained, and kejd 
for gilding baths. They arc not suit- 
able for silvering. The liquid soda 
bisulphite should be stirred with a 
glass rod, to throw off the carlmnic 
acid which may still remain. The 
liquoi should then be again tried with 
blue litmus paper. If it turns a deep 
red, add a little soda cjirbonate for 
neutralising the excess of sulphurous 
acid ; if red litmus paper liecomes 
blue, there is too much alkali, and 
more sulphurous acid gas should be 
passed through the liquid, which is in 
the best condition when litmus pijier 
becomes violet or slightly red. This 
solution marks 22‘^-26^ B. and must 
not come in conbict with iron, zinc, 
tin, or load. 

Nielled Silver. — This is a kind of 
inlaid enamel work, and is obtained by 
the sulphuration of certain parts of a 
silver object. But instejid of being 
direct, tliis is produced by inlaying the 
silver surface with a sulphide of the ' 
same metal prefwred beforehand. For 
preparing the niel, heat a qprtain pro- 
jjortion of sulphur in a deep crucible ; 
heat a certain 4 juantity*of silver, cop- 
per, and lead in another crucible, and 
when melted pour into the fused sul- 
phur, which •transftjrms these metals 
into sulphides ; then add a little sal 
ammoniac, remove from the crucible, 
pulverise for use. First crucible — 
flowers of sulphur, 27 oz. ; sal ammo- 
niac, 2| oz. Second crucible, which 
after fusion is fjoured into the first- 
silver, ^ oz.; copper, oz.; lead, 2f 
oz. 

(a) After liaving reduced the niel to 
a fine powder, mix with a small pro- 
portion of a solution of sal ammoniac, 
hollow out the engraving upon a silver 
surface, and cover the whole, hollows 
and reliefs, with the composition. The 
article is then heated in a muffle until 
the composition solders to the metal. 
Uncover the patterna'l>y a level polish, 


when the silver will appear as over a 
black ground. This method is costly, 
as each article must be engpvved. 

(i) Engrave in relief a steel plate, 
and press it against the silver plate 
l)etween two hard bodies. The copy 
is hollow, and ready to receive the niel. 
A great many copies toay Ixj obtained 
from the wune matrix. 

Old Silver. ~ To imitate old 
artistic pnxluctions made of solid 
silver, the groundwork and Imllow por- 
tions not subject to friction are 
covered with a blackish-red eai thy coat, 
the jearts in relief remain with a bright 
red lustre. Mix a thin paste of finely- 
jx>wdered plumljago with essence of 
turpentine, to which a small propor- 
tieJn of red ochre may be added to imi- 
tate the copper tinge of certain old 
silverware ; smear tliis all over the 
articles. After drying, gently rub 
with a soft brush, and the reliefs are 
set off by cleaning with a rag dipped 
in spirits of wine. Old silver is easily 
removed, and the brightness of the 
metal restored, by a hot solution of 
caustic potiish, potassium cyanide, or 
benzole. To give the old silver tinge 
to small articles, such as buttons and 
rings, throw them into the above paste*, 
rub in a lag with a large quantity of 
diy fir-wood saw-dust until the desired 
shade is obtained. 

Oxidised Silver.— (a) This is not 
an oxidation, but a combination with 
sulphur or chlorine. Sulphur, soluble 
sulphides, and hydrosulphuric acid 
blacken silver, and insoluble silver 
salts, and particularly silver chloride, 
rapidly blackens by solar light. Add 
four or five thousandths of ammonia 
hydro-sulphate, or of potassium quinti- 
' sulphide, to ordinary water at a tem- 
perature of 160°-180° F. When the 
articles are dipped into this solution, 
an iridescent coating of silver sulphide 
covers them, which after a few seconds 
more in the liquid turns blue-black. 
.Remove, rinse, scratch-brush and bur- 
nish when desired. Use the solution 
when freshly prepared, or the prolonged 
heat will precipitate t^ much sulphur, 
and the deposit will be wanting in ad- 




hereuce ; besides the oxidation ob- 
tained ’in freshly-preparetl liijuors is 
always brij'hter and blacker tlian that 
produced in old solutions, which is dull 
and grey. If the coat of silver is too 
thin, and the liquor too strong, the 
alkaline sulphide dissolves the silver, 
am^he underlying inetal appears. In 
tliis case cleanse and silver again, and 
use a weaker blackening solution. 




I 

: Slag Products and 
i Slag Wool. 

I 

' As blast-furnace sLig consists almost 
wholly of silica, lime and alumina (ap- 
proximately in the volumes of 3 * 3 and 
1 resiHictivcly) it is to Ixj wondered at 
that some really great use lias not l)een 
discovered for it. The available 
amount is practically inexhaustible, 
and it is to be had for nothing, or less 
(for its disposal has now to be piid for 
in most cases). As will be shown, 
then; are several good uses it is lieing 
put to, but, as yet, the quantity so 
disposed of is comparatively trifling. 

The disposid of the enormous out- 
put of slag or scoria from blast-furnaces 
has always lieen one of the serious 
dittic-ulties of the iron trade. Taking 
an average of all the districts in Eng- 
land, for each ton of iron made, 25 cwt. , 
of slag is produced ; and from the 
official returns of 1879 of the iron 
smelted, no less than 8,000,000^118 of 
slag were produced. The space occu- 
pied by this nwiss, when loosely tippd, 
is something like 170,000,000 cub, ft., 
whilst the bulk of the iron occupies 
only ^ of the same space. There .is, 
however, tfiis great difference between 
iron and its refuse, that whilst the 
former is diffused and finds it way into 
every comer of the world, the latter is 
left behind at the sn^dting-works, 
absorbing something like 250,000/. 
annually in its disposal, and destroying 
hundreils of acres of \'aluable agricul- 
tural land. While we profluce such 
enormous {|uautities of iron, so long 
will these heiips go on accumulating ; 
and there is little chance that existing 
nuLsses will ever lie turned into a 
marketable product. At the same 
time, blast-furnacie slag jxissesses many 
valuable projierties, which may in cer- 
tain localities be ijonverted into things 
useful to the arts and sciences, and at 
considerable profit. 

Of other slags produced in metallur- 
gical operations— such as in the smelt- 
ing of copper, lesE^, dne, and tin ores 
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—no use is made ; hut there are also 
slagH, or cinders, produced in the 
manufacture of wrought ii*oii, some of 
whieli are re-smelted, after which no 
gi*ejit hulk of refuse is left. 

Blast-furnace slag, as it flows fnnn 
the furnace when making foumlry iron, 
is usually of a grey colour, of nmcli 
the same consistency as molten glass, 
a substance, in many points, it greatly 
resembles, pirticularly when the more 
.siliceous ores are l)cing smelted. It is 
very fluid, and has a temi»eratui’e con- 
siderably above the melting-point of 
cast iron ; in j)roof of which, if a piece 
of cold cast iron Ihj f)laced in a block or 
wagon of fresh molten slag, it readily 
melts. At this high temperature it 
contains a large quantity of gas, a con- 
siderable jM)rtion of which is thrown 
off or exuded as the slag cools down or 
becomes set. So much is this the 
case, that a large “ block ” or “ liall," 
technicidly so termed, will often hurst, 
an hour or two after l)eing run, from 
the a(!cumulation of this gas in the 
inside. ^ The bui’sting of these balls at 
the iron-works is of constant occur- 
ence, and a source of danger, caused 
by the liquid slag and the outside shell 
dropping after tlie ball has burst. 
This is jKirtially overcome 1^ making 
the workman knock a hole througli 
the top crust before leaving the fur- 
naces. Again, tfie least dearrangement 
in working the furnace is quite suffi- 
cient to alter gthe nature of the slag, 
and often, within | hour, will the slag 
be changetl from grey to a |)erfect 
black . Such atcolour usually indicates 
iinfKTfoct smelting, and the slag will 
be found to contain a larger proportion 
of iron than it should do. 

Boad-Metal . — For many years 
the only known use for blast-furnace 
slag was in road-making, and for this 
purpose it is still largely employed. 
In Nortliamptonshire, and in certain j 
districts of Yorksliire, the whole of the 
slag produced is sold at a considerable 
profit. These, however, are local ex- 
ceptions. Large quantities of slag are 
used in the works on the breakwater 
at the Tees mouth, ^mething like 


500,000 tons annually. A similar 
class of work is carried on at Barrow- 
in-Furness, from the slag produced at 
the hematite furnaces in tliat town ; 
but in consctiuence of the laige amount 
j of lime contained in this slag, much 
I gi’cater cai^e has to !« iakeiv in its 
selection. The slag Used at the Tees 
i breakwater is chiefly taken away upon 
lK)gies, in blocks weighing .‘ij ton each. 
The sliig is run into these blocks upon 
the waggons at the furnaces, a case or 
Ik)X iKiing placed upon the bogie for 
j this purpose. When the slag is suffi- 
I ciently “ set,” this case is removed, and 
I the wagon, with the block upon it, is 
I Liken a distance of about six miles to the 
j hrciikwater. A large quantity is also 
I tip{)ed UfX)!! a platform on the river- 
i siile, in such a position that the tide 
completely covers it ; it is then wheeled 
into hopper barges. Fowderand W(K)d 
I devised a plan for shipping the bogies 
i with the hot Iralls into barges, and 
' towing them down the river for dis- 
charging ; each Iwrge is constructed 
to awry 40 Isjgies and is about 220 tons 
burden. 

I Castings.— The next sLige in 
! slttg utilizatitrn is the endeavour which 
has at various times Ireen made to rurf 
the liquid slag, as it flows in a stream 
from the furnace, into moulds ; or, in 
' other wwds, making slag castings. 

I Such an idai at first sight would seem 
natural enough. Here, it may be said, 

I is a material flowing to w'aste, in a 
' liquid state, capable of being run into 
j moulds, and of taking impressions al- 
I most equal to those of cast-iron. The 
i castings also, when successfully made, 
are exceedingly durable, and even 
j beautiful to look at. So alluring has 
\ l)een the idea of casting, tliat during the 
I last fifty years the Patent Office has 
i recorded almost annually the attempts 
I of some inventor impressed with the 
notion that he could treat this treach- 
erous fluid successfully. To describe 
these various schemes, or to give even 
an outline of them, would occupy too 
much space, but the following rem&rks 
will afford a general idea of the diffi- 
culties. 
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The high ieuiperature at which the 
slag leaves the furnace has been before 
noticed— namely about 3000® F. (1727® 
C.), but, when it is brought into con- 
tact with anything cold, in the sluipe 
of a mould, it re^ily parts with its 
heat, and, in so doing, suddenly con- 
traets. The surface contracting, be- 
comes filled with fine cracks or flaws ; 
so much is this the case that, if allowed 
to assume entire consolidation in the 
moulds, these cracks will be found to j 
penetrate completely tlirougli the 
casting, and upon exposure to the air 
the casting falls to pieces. This is 
the more vexing as, when slag is run I 
into a large mass — say into a pit of j 
sand 8 or 10 ft. deep, and conbuning j 
30 to 40 tons — there is such an eiior- i 
mous amount of heataccumulating that | 
it becomes self-annealing, the outside j 
of the mass is kept at a high tempera- 
ture, and, if allowed to remain until 
cool, not a flaw will lie found, and the 
slag becomes so tough and hard that it 
may be quarried in the same way as 
granite or whinstone, and used for 
street paving. 

Paving Blocks.— There is, how- 
ever, one exception to the numerous 
failures in slag-casting. It is known as 
Woodward’s patent, and, although 
there is absolutely nothing new in the 
process, still, through the preseverance 
of Dobbs, the late manager and en- 
gineer for the furnaces of T. Vaughan 
and Co., an amount of success has 
been arrived at, sufficient to enable the 
company which works the process to 
pay a fair dividend. The success has 
been eminently a practical one, and 
appears to rest mainly upon two points : 
— Firstly, in the quickness with which 
the castings are removed from the 
moulds, and placed in the annealing 
ovens, where the temperature is con- 
stantly kept up nearly as high as the 
melting-point of slag, the heat, after 
the ovens are full, being so gradually 
lowered that the outside of the casting 
cools at the same rate ’as the inside ; 
tke •contraction is thus equalized 
throughout, strains upon the outside 
are avoided, and the fine surface cracks 


do not penetrate much l)elow the skin. 
And secondly, upon the fact that only 
solid rectanglilar blocks, with a certain 
amount of bulk in them, are at- 
tempted. 

At one works blocks are made by 
running the liquid slag inb) a series of 
open-topj)ed moulds. The moulds are 
of cast-iron, and ai‘e held by one end 
upon the periphery of a horizontal 
wheel or table. The wheel is sus- 
pended by tie-rods up^)n a central 
pillar. Tlie moulds, when l>eing filled 
up, are brought in succession under 
the slag-runner by the man in atten- 
dance, who watches until the mould is 
full. When the slag lias become con- 
solidated in the moulds, a catch-hook 
is knock up, the moulds fall to pieces, 
and the bricks drop to the ground. 
When they come out of these moulds, 
although consolidated, they are still in 
a sort of half-molten state, and ai’e 
immediately removed into annealing 
ovens, which are always kept at a 
high temperature, so that the blocks 
receive no chill. The ovens ^re of 
small size, and when full are sealed up, 
and allowed to cool down by them- 
selves. There are about 70 moulds 
upon each machine, and the hotter 
these are kept the bettef ; whilst, to . 
prevent cfiilling of the molten slag as 
it runs into the mouldy}, they receive a 
thick coating or washing of chalk or 
lime after each casting, the lime acting 
as a non-conductor as wfll as assisting 
the block more readily to drop out of 
the mould. Thus the casting is not 
allowed to remain in contact with any- 
tliing wliich can extract its initial heat, 
so as ta produce unequal cooling. 
Laige quantities of these bricks or 
paving-blocks are used for crossings, 
stables, yards, and streets, possessing 
durability, uniformity, and good gen- 
eral appearance when well set. From 
a series of tests made against a crush- 
ing strain, some of these blocks carried 
a weight equal to the hardest granite. 

Bottle Glass.- -The next success- 
ful process for dealing with molten slag 
is ^hley Britten’s. He converts it, 
by a kind of cf|npound process, into 
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plaBR for bottle-making and for many i 
purposes where a pure white glass is 
not essential. The slag is ^ken from 
the blast furnace in large ladles upon 
wheels, in quantities of about f»00 lb. 
In this state it can be conveyed a con- 
siderable distance to the glass works, 
where it is poured into a Siemens re- 
generative gas-furnace, known as the 
“continuous melting tank furnace," 
arranged to work with gas made by a 
gan producer. The material is fused j 
and amalgamated in a melting-tank. | 
The fluid metal, becoming fused, flows ! 
through a bridge into a secondary , 
chamber called the gathering liasin. 
The glass is withdrawn from this l)asin I 
tlirough a series of holes by the work- 
men, and fashioned into bottles, or 
other useful articles, in the usual way. 
*By this arrangement the work of charg- j 
ing and withdrawing the liquid glass 
is continuous and proceeds uninter- 
ruptedly. The consumption of coal 
per ton of slag-glass should not exceed 
10 to 12 cwt. With each charge of 
molten slag into the melting-tank, 
alkalies and sand, and colouring or de- 
colorizing material, are added in pro- 
portion depending on the quality, 
colour, and composition of the glass 
requir^. 

To make bottle-glass equal inequality [ 
and appearance to French, cliainjiagne [ 
and claret glass about 50 per cent, of | 
slag may l)e used ; for plate-glass, the 
same proportion, or rather less of slag ; 
but for glass fA- heavier articles, a 
much larger percentage can be adopted. 
Bottles made from slag-glass are | 
stronger than those manufactured in j 
the ordinary way from the usual mate- j 
rials, and will stand 320 to 360 lb. per ! 
sq. in. ; half-bottles (pints), 420 to i 
450 lb. per sq. in. Sl^-glass, owing ' 
to its toughness, is especially suitable j 
for manufacturing into tiles, cisterns, \ 
plates, slates, etc., for which glass is j 
not now employed. The chief points 
of merit claimted for this process are I 
the utilization of a waste product, I 
economizing the heat of the. molten- j 
Blag, and converting it, with additional i 
materials, into good glass^quicker, and 


at less cost, than by the pnxjesses 
generally employed. 

Slag Shmgle and Sand.— (a) 
In 1871, the w’aste land for' the de- 
posit of slag at the Tees Iron Works 
being filled up, and the wqrks of the 
Tees Conservancy liaving temporarily 
l>ecn brought to a stand^ill, it bccatqfi, 
of serious moment to know what was 
to be done with the slag. 

The cost of cooling it, and putting 
it on bojird Ijarges for taking out ami 
tipping it into the sea, was so heavy 
that it was suggested the slag should 
l>e prepared in such a form that it 
could be tipped into the barges in the 
same way as coal is done upon the Tyne 
and other places. To meet these re- 
quirements several schemes were pro- 
posed and tried ; amongst the first 
(and only successJful one) is the hori- 
zontal rotary slag-cooling table de- 
signed by Wood, and which, withlitHe 
alteration, continues to work up to the 
present time. The maclune upon 
which the slag falls revolves very 
slowdy, and isalwutlflft. in diameter. 
The top of this table is formed by a 
series of slabs ; those receiving or 
cooling plates, or slabs, are about 2 ft. 
in width, each forming a 8<^ent of 
the circle. These plates are kept cool 
by Iiaving a zig-zag wrought-imn pipe 
cast in them, through which water cir- 
culates, being fed from a centre globe ; 
the water, after i)a88ing tlirough two 
plates, flows into the basin under the 
table. These water plates are liolted 
down in such a way as to be able freely 
to expand and contract. The liquid 
slag, as it flows from the usual runner, 
spr^B itself upon the moving table 
into a broad band of slag, varying in 
tliickness from J in. to f in., depending 
upon the quantity and fluidity of the 
slag. From the point where the table 
reedves the molten slag a distance is 
traveraed of about 10 ft. or 12 ft., to 
allow the slag to consolidate ; after 
which, water a jet is made to flow 
freely upon the surface of the hot slag 
until it reaches a set of scrapers, whqp, 
liaving become nearly cool, it is pushed 
off into iron waggons below. When the 
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slag reaches the scrapers it has be- 
come somewhat brittle, and rwidily 
parts from the table, and slides oft' in 
large flat 'pieces. When perfectly cold 
it is tipped from the waggons, and falls 
into small-sized pieces, called “slag- 
shingle. ’ ’ The produce of this machine 
found sugh ready sale that it Ium 
kept going almost constantly ever 
since it started, and alwut 200,000 
tons have been sold, chiefly for making 
concrete. In place of paying 6(Z. per 
ton to get rid of the slag, it has real- 
ised about I."*. 3d. per ton. 

The large concrete blocks, each weigh- 
ingabout 230 tons, constructed by Fow- 
ler, for dropping into the sea to form 
the head of the Tees breakwater, are 
chiefly composed of this material, and 
several- heavy foundations for engines, 
drainage work, building, etc., in the 
district, have been executed with it. 

(6) The next great step in julvancc, 
and which laid the foundation for 
several processes hereinafter men- 
tioned, was the reduction of the molten 
slag, as it flows from the surface, into 
a soft spongy kind of sand, by a ma- 
chine known as Wood’s slag-sand ma- 
chine. In principle it is the reverse of 
the slag-shingle imichine, inasmuch its, 
instead of the wheel being horizontal I 
and the slag running upon a dry table, 
the slag flows into a wheel placed upon 
its edge, and falls into a Iwth of water, 
varying in depth from 18 to 24 in. The 
wheel or drum is of wrought iron, and 
about 14 ft. in diameter. It is fixed 
and carried on curved arms. The arms 
are curved to allow, in the first place, 
the slag runner or spout to enter the 
wheel ; and secondly, to ihakc room for 
the sand-receiving spout on the oppo- 
site side at the top. The wheel makes 
almut five revolutions per minute, and 
the water contained inside is partly 
carried up by the elevators, and in 
falling causes a constant rush of water 
to the bottom. Perforated screens, or 
elevators, are arranged to screen the 
slag from the water, and lift it to the 
; tpjj of the machine, where it drops 
upon the sand-receiving spout, and 
thence slides in a constant stream into 


wooflen waggons. The spout is also 
perforated, to allow any water which 
I has been cjjrried over with the sand to 
I return into the machine. The per- 
; forated buckets have another important 
j function to perform, viz. that of agi- 
! tating the water. Tlie water, in rush- 
' ing to the bottom, meeting these 
; obstructions, rolls over in a violent 
manner, and into this agitated water 
] the liquid slag flows just as it comes 
I from the furnace. The united action 
I of the agitated water and the forrna- 
I ti(»n of steam, scatters, as it were, tho 
! molten sLig in the water into the ma- 
, terijil called slag-sand. The wear and 
tear of tliis machine is very light, there 
^ being no working pjirts (joining in con- 
hMJt with the sand or the heat. The 
heat, being taken up by the water, is 
thrown off in the shape of steam, wliich 
comes away in large volumes. Grey 
slag takefe up about 20 per cent, of its 
own weight in water. The total cost 
of this sand in railway trucks is al)out 
6fZ. per ton. 

On the Continent a kind of slag-sand 
has been made— prior to the luloption 
of the process just mentioned“by run- 
ning the slag into tanks full of water, 
and elevating tho sjind by chain buckets 
into w.aggons ; but the apjjaratus is 
very imperfect, and will only work slag 
made from forge iron, known as black 
slag. 

The application of slag-sand, in so 
cheap a Win, to the useful arts, natu- 
rally followed the production, and after * 
numerous experiments, extending over 
many months, it was decided to estab- 
lish sepirate works in close proximity 
to the funiivces, where, under WoixVs 
own direction, various processes could 
be developed. In Georgemarienhutte, 
in Hanover, under the direction of 
Luurnan, a process of hrickmakiug was 
initiated a few months previously, 
Pnmian Meth(xi.—(c) The high 
furnaces are provided with a continual 
overflow for the slag, which runs' 
through a narrow gutter formed in th^- 
sand into a shallow pit, through which 
a small stream of water is kept running, 
i By this chil]^ng process the sla^ as* 
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sumes the form of a line gravel. An 
eudlesB chain at once lifts the slag out 
of the pit and lo<ads it upftn care. By 
grinding this material fine in a cement- 
mill it is formed into an excellent 
sharp building-sand ; the great bulk 
of it, however, is used, without further 
reducing its grain, for making bricks. 

For tiiis purpose it is mixed with 
one half of its bulk of mortar in a 
tiough in which tliree shafl^s provided 
witli long blades are revohing. It is 
then shovelled into the brick-machines, 
each of which turns out about twenty- 
five bricks a minute. These la'icks 
arc piled up in the open air for drying, 
and are ready for use after about six 
weeks. They continue to harden on 
ex{K)8ure to the air, and arc said to 
possess greater strength tlian ordinary 
burnt bricks. They are extensively 
used for all kinds of buildings, their 
light-grey colour protiucing a very 
pleasing effect, and the roughness of 
their surface fitting tlicm pirticularly 
well for retaining a cofiting of mortar. 
They cannot be used, however, for 
foundation walls, as by the absorption 
of moisture, their cohesiveness is im- 
pured. 

(d) The remarkable setting prof^r- 
ties of slag in a state of subdivision 
has attracted the attention oi scientific 
men for years, ajid many schemes for 
producing artificial stone, cement, etc., 
liave liecn tried ; but, in consetiueuco 
chiefly of the o^st of disintegration, no 
results were obtained with commercial 
success. 

John Gjers, of Middlesbrough, pro- 
duced a coarse kind of slag-sand, wliich, 
after grinding under edge-runners, was 
used extensively for some little time, 
upon the pig-lieds ; but it had to be 
abandoned, because it consohdated too 
much, causing violent explosions (tech- 
nically termed “ boils ”), from the 
steam from the damp sand being 
unable to escape when the metal was 
run from the furnace in pigs. 

Cement. — (a) The tlireo most im- 
portant component parts of slag are 
silica, alumina, and lime, forming, as 
' they do, about 90 i#r cent, of the 


whole. The latter of these, however, 
cliiefly exist as silicates ; if to these, 
cau.stic lime be added, they are acted 
upon, water of combination or crystal- 
lisation l»eing taken up ; and if the 
inaicrial I)e kept damp and exposed to 
the air, hardening or induration is 
carried on for months.' 

If caustic lime be added to slags p(K)r 
in lime, so as to bring this element up 
U* or 60 per cent., it will he seen at 
once how closely it will resemble the 
analysis of Portland cement, the com- 
jK)sition of which is as follows : — Lihic, 
60 per cent. ; silica, 24 ; alumina, 8 ; 
iron oxide, 4. German Portland ce- 
ment is sometimes made with as low 
as 55 per cent of lime, whilst Homan 
cement has often only 50 i»er cent, of 
lime: hut these will generally be 
found to contain oxides of iron in an 
increased proportion. 

The remarkable hardening effect of 
oxides of iron in conjunction with lime, 
silica, and alumina, is well known, and 
is well exemitlified in the Italian puz- 
zolanas, where, in several of the best 
qualiti^, the lime is actually as low as 
8 joer cent., whilst the oxides of iron 
run up to 12 or 15 per cent. The 
hardening effects of iron oxides in-‘ 
duced Wood, prior to the development 
of the slag industries, to employ the 
dust from the iron-stone clamps in 
place of sand when making concrete 
for heavy foundations, and the setting 
properties and strength of this com- 
bination have upon examination been 
fully confirmed. Again, having to 
erect a row of columns for a large roof 
upon the bed of an old iron-stone 
clamp, the floor of which had been 
accumulating for several years, it was 
found to be so extremely hard that 
Wood simply levelled the bed down, 
and set the columns direct^ly upon it. 
These, after many years, show not the 
slightest signs of settlement, although 
tbe ground underneath had been made 
up from ships’ ballast. 

It appears an absolute necessitv far 
obtaining good results that the fdh*u* 
ginouB material should be calcined or 
roasted, the effect of which is t6 drive 
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off the carbonic jwid and water ; the 
reabsorption of the water, which unites 
in chenucal combination with the 
material, afterwards assists in harden- 
ing. 

(6) llhe Vvord cement has sometimes 
been objected to in connection with 
this material, l)ecause it is generally 
manufactured in a wet state, and must 
be used within a few hours of its being 
mafic. Upon this jxjint Wood ex- 
presses no opinion, simply mentioning 
the fact that, in point of strength, lie 
finds little difference whether the mate- 
rials are ground together in a dry or 
in a wet state. The cost of production, 
however, is as nearly as possible 4 to 1 
in favour of the wet state. It is made 
by grinding under edge-runners for 
about 1 hour (the finer the better), 70 
per cent, of slag-sand, 15 of common 
lime, and 15 of iron oxides, calcined 
iron-stone, or spent pyrites. Follow- 
ing is an analysis of this cement : — 


Lime 

Por cent. 
22*90 

Silica 

21*60 

Alumina .... 

19*8.5 

Iron protoxide . . 

4*00 

Manganese protoxide 

0*21 

Iron peroxide 

8*80 

Magnesia .... 

4*36 

Potash .... 

0*50 

Soda 

0*32 

Suphur .... 

1*19 

Sulphuric acid . . 

1*,54 

Phosphoric acid . . 

0*02 

Carlxinic acid . . 

3*00 

Total water 

12*00 


. 100*29 

Less oxygen of the 
lime combined with 
sulphur . . . 0*59 

99*70 

Upon comiiaring this analysis with 
that of Portland cement and the puz- 
zolanas already given, it will be seen 
that the various hardening ingredients 
r exist in all. 

The large quantity of water held in 
sui^n’sien in the slag-sand is quite 
sufficient to make the mass in the mill 


into a semi-fluid state, but this water 
is mostly tsiken up in setting, as water 
of crystallisation. It is therefore 
necessary that the cement should l)e 
used l)efore setting takes place. This 
cement is utiually employed for making 
concrete, by mixing one part of the 
cement to five of slag-shingle. The 
shingle is made by the sl^-sliingle 
machine before descrilxjd. 

The shingle, Injfore l)eing used, is 
well wetted ; and when the concrete is 
put into place, it is beaten lightly down 
in a soft state, until the water and ce- 
ment Ixigin to rise on the top ; two days 
afterwards it lias become sufficiently set 
to allow of the building-boards being 
taken down, and at the end of a week 
it will be fairly hard, and will go on 
hardening for montlis. It is perfectly 
Ijydraulic, and will harden under water. 
It will be seen by this that it re<iuires 
a hmger time to set than Portland 
cement, and is perhaps not quite so 
hard; but tliere is a remarkable tough- 
ness, which has surprised all those who 
have used it, and this toughness makes 
it valuable for heavy machinery foun- 
dations, etc. 

Whilst the underground walls of the 
Sl^ Works referr^ to alK)ve were 
beii^ ejecuted they were twice im- 
mersed, through exceedingly liigh 
tides, with ‘the resvlt that tWs part 
of the building is the hardest of 
all ; and to give an idea of the 
strength, Wood mentims tliat when it 
was necessary to cut two openings at 
different points through the basement 
walls, ft. wide and 6 ft. liigh, this 
employed two good workmen, with 
steel bars and sledge hammers, at 
least four days for each doorway. He 
knows of no material at a similar cost 
which can compete with it, and he is 
satisfied that it has only to be widely 
known to be more extensively used. 
Personally, where time can be riven, 
he employs nothing else for aU heavy 
foundations for rolling machinery, for 
which purposes, as a conglomerate or 
monolitiiic mass, it is peculiarly adapted. 
Slags from the furnace making Besse- 
mer iron ri-e^Jbetter adapted for this 
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cement even tlian those from the 
Cleveland ores. 

Mention has been madepf the neces- 
sity of keeping the products from slag- 
sand in a damp state for a length of 
time after manufacture in onler to 
give them time to Imrden, or, in other 
words, to allow the material to alisorh 
or take up as much water as will 
chemiailly combine with the lime, 
silicji, ami alumina ; but whether tliis 
water l)ecome8 water of crystallisation, 
or water of hydration, or a combina- 
tion of both, is not at all certain. 
Wood is, however, strongly impressed 
witli the idea that water in a fixed 
state, more j»irticularly in a compound 
state, plays by far a more important 
‘part in the setting of cements than is 
generally supposed ; that the presence 
of water in a chemically combined 
stiite forms as much a constituent 
part of cement as does the lime, silica, 
and alumina, seems certain from the 
results of the analysis shown further 
on. For instance, if Portland cement 
be heated to redness, so as to evaporate 
the fixed water, the ‘cement loses at 
once its strength, and liecomcs rotten. 
Again, with gypsum, where the water 
of crystallisation amounts to more than 
one-fifth of its bulk ; if this is driven ofT 
ata red heat we have little better than a 
powder left. And it se^ns clear that 
the (juicker this crystallisation takes 
place, the quicker is the setting ; and, 
on the contrarv, as in the slag cements 
and the brick,\he slower the water is 
in becoming fixed, the slow'er is the 
hardening ; thus showing tlie necessity 
of keeping them damp during the 
process. 

(c) itansome, the well-known inven- 
tor of artificial stone, has recently 
taken out a patent for mixing the 
slag-sand in its wet state with chalk, 
and then burning the whole togetlier 
in a cement kiln into clinker, after 
which he grinds it down in the same 
^y as Portland cement. The results 

g 'ven are remarkable, exceeding Port- 
nd cement in strength by nearly 30 
percent. 

(d) Keid made some exneriments on 


the application of slag to the manufac- 
ture of Portland cement, and could 
not get very satisfactory results ; but 
that was before Wood’s granulated slag 
was to be liad. He found the greatest 
difficulty with the sulphur. He got 
in his slsig about 1 J per cent, of cal- 
cium sulphide, which- would amciwit 
to al>out 2*84 per cent, of lime sul- 
phide, in the cement wljen finished, 
an amount which made the cement 
very unreliable. He found also that, 
in working up the slag with the lime, 
it was very difficult to incorporate the 
two thoroughly ; but it was very possi- 
ble that Wood’s granulated slag, which 
was very finely divided, might be more 
easily mixctl with lime. The amount 
of sulphur usually contained in Port- 
land cement, according to Grant, is 
nearly 2 per cent. If you were to 
make cement from slag already con- 
taining 12 per cent, of sulphur, you 
would get 4 per cent, of lime sulphate 
in it, wliich would render it unreliable. 
Tliis process was patented by Bodmer 
in 1866 ; the specification stated that 
the invention consisted in the manu- 
facture of a cement by mixing together 
slag ciu<leror scoria, whether naturally 
or artificially produced from furnaces,* 
with a certain proportion of lime or 
calcareous matter, and with or without 
alumina. Egleston has referred to 
blast-furnace slags being used for vari- 
ous things, and amongst others for the 
manufacture of cements. He said 
that the possibility of having them in 
the form of granulated slag reduced 
the price of the pulverised material to 
sucli a figure that, in certain parts of 
Geniiany, ah artificial cement equal in 
every respect to the best Portland was 
manufactured at a large profit. 

Mortar. — Mortar for building pur- 
poses is simply made by grinding the 
slag-sand wdth alxiut 6 per cent, of 
slaked lime in an ordinary mortar-mill, 
and (if ground fine) it makes a far 
better mortar than is generally em- 
ployed }jy builders. There was at one 
time a very large demand for this 
material in Middlesbrough. There is 
onlv oii(> obiection miulA if v{% fho.^ 
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it sets too fjuickly. Mortar supplied 
on the Saturday, left unused, vould 
be worthless on the Monday. As with 
the other slog products, its remarkable 
strength and cheapness combinctl make 
it much liked lny those wlio, in close 
proximity to the works, can obtain it 
fi;sg}dy mafic. . 

Bricks. — A most important pro- 
duction, and the one whicli consumes 
by fai’ the greatest quantity of slag, is 
that of concrete-bricks, known in the 
market as slag-bricks. Those arc made 
from the sand produced by the slag- 
sand machine Ixifore described. The 
sand is dro]>i^d from the railway 
waggons into hoppers, or depots, at the 
works, whence it is filled into large 
barrows, taken up a hoist to the top 
of the building, and tipiied into a 
hopper, which supplies a measuring 
apfiaratus. Hei'e it is mixed with a 
certain quantity of selenitic lime 
(General Scott's patent), with an addi- 
tion of iron oxides ; it then passes into 
the brick-press hereinafter to be de- 
scribed. The bricks are taken off the 
presses by girls, placed uiion spring- 
barrows carrying 50 bricks each, anti 
removed to air-hardening sheds ; here 
.they remain a week or 10 days, after 
which they are stacked in the air to 
further harden, and at the expiration of 
five or six weeks they are ready for the 
market. Here is the curious anomaly 
of bricks being made without burning, 
and of a wet season being favourable 
to the hardening process. Tlie bricks 
thus produced are very tough ; they 
do not split when a naU is driven into 
them, and are easily cut ; they do not 
break in transit, and the frost has no 
effect upon them. 

The preparation of this selenitic lime 
forms a necessary branch of the busi- 
ness. It is mafle in the following 
manner 

80 per cent, of unslaked common 
lime. 

10 per cent, of raw gypsum. 

10 per cent, of iron oxides calcined. 

I 

These are. all ground together, under 
edge-runners, into a fine dry powder. 


The composition is then passed through 
a fine sieve, 24 meshes to the inch, and 
is ready for,the brick -press. To each 
1,000 of bricks, 6 cwt. of this lime is 
used ; no water is added, sufficient 
lieing held in suspension in the slag- 
sand to thoroughly moisten the lime ; 
in fact, it is no uncommon thing to 
find flowing from the brick-press a 
strejmi of water which has been 
squeezed out of the sand. The loss 
of bricks in manufacture is very small ; 
in fact, after the bricks are once upon 
the barrows, the waste is not more 
tlian per cent. The weight of 
these bricks is about 30 f^er cent, 
lighter than ordinary red ones — 9 in. 
by 4^ in. by 2J in. — weighing only 2J 
tons jwr 1,000. 

As before mentioned, the lime used 
for nuiking bricks is selenitized, the 
following Ijcing the analysis of the raw 
gypsum employed in the process : — 
Per cent. 

Sulphuric acid . 46 18 1 Lime 

Lime . . . 32*32/ sulphate 

Silica .... 0*35 

Water at 100 per 
cent. ... Nil 
Ditto given off at 
red heat, being 
water of crys- 
tallijSitiou . . 21*00 

*99*85 


The process of brick-making, as now 
carried on,* is extremAy simple and 
inexpensive ; but it W’as here tliat the 
greatest difficulties were met with. 
There wasno machinery Wbe purchased 
that could work the slag-sand into 
bricks in the state in which it arrived 
from the blast furnaces. In the earlier 


attempts, the sand had to be prepared 
in a fine state, the result being a supe- 
rior class of bricks, but at a cost so 
great as to exclude them from the 
market. Wood had therefore to design 
and construct laick-presses and other 
machinery that could work the sand, as 
it came from the slag-sand machines, 
directly into bricks. 
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points hatl to be kept in view, viz. ; 
unusual depth of brick moulds, as the 
Kind (being spongy) is exc«c<lingly com- 
pressible ; great pressure, in order to 
consolidate the slag ; as well as great 
care in mixing the lime in fixed pro- 
portions to the sand — too much lime 
tending to burst the bricks, whilst too 
little seriously affects the hardening. 

Artificial Stone. — (a) One other 
manufacture from slag is that of arti- 
ficial stone. It is moulded into chim- 
ney-pieces, window-heads and sills, 
balustrading, wall coping, and other 
ornamental work for builders, m well 
as for paving for footpaths, stables, 
etc. The stone is composed of 2^ parte 
finely -i)ulverised slag, and 2^ of gi-ound 
firebrick, to one of Portland cement ; 
the mixture is run into moulds, and 
sets quickly, the articles being ready 
for the market in 5 or 6 days. 

(6) A sort of concrete brick has 
been made also from hematite Bessemer 
slag. These bricks have been made 
by a process differing entirely from the 
system adopted by Wood at Middles- j 
brough. The slag employed is pul- 
verised from the cold solid mass under 
heavy edge-runners, which crush the 
material into fine dusty shingle ; it is 
then lifted by elevators into French 
burr-stones, and ground do^n as fine 
as sand. From the stones it passes 
through a worm conveyer to a brick- 
press, during wliich about 25 per cent, 
of common rjj^er-sand is added, with 
sufficient water to thoroughly damp it, 
without any addition of lime ; again 
showing, in a remarkable degree, the 
extraordinary setting nature of the 
sl^ after the chemical combination I 
wth the water and exposure to the 
air liave taken place. These bricks are 
taken from the press and placed under 
cov» for a few days, when they are 
put out in the open air to harden. 
They are of excellent shape, grey colour, 
and b^ome exceedingly hard. Large 
qu^tities have been employed in 
building, and appear to be standing 
nmarkablj well. The cost, however, 
w very h^vy, owing to the difficulty 
of prei^ng the sla^ and the wear 


and tear of the machine^ ; the exces- 
sive weight also precluding the sale at 
I any groat distance from the works. 
The laige amount of lime, combined 
with the silica and alumina in the 
Bessemer slag, quite accounts for the 
setting properties. The bricks con- 
tinue to harden for years, and ap^jahr 
to arrive at a kind of crystalline frac- 
ture, which damp greatly accelerates. 

Manure.— (a) A material contain- 
ing so much lime, silica, alumina, sul- 
phur, and magnesia, in a condition 
like the white soft slag-sand, suggested 
its application as a fertilizer for some 
kinds of land. Some years ago it was 
brought before the Royal Agricultural 
Society, and Dr. Voelcker reported 
t that the result of his examination 
I showed that it might be usefully em- 
j ployed upon moorland and peaty soils 
as a cheap and effective substitute for 
lime. Since this report was made, 
many hundreds of tons have been sold 
for this purpose, and although there 
was only 32 per cent, of lime in the 
slag supplied, the results have been 
very satisfactory, particularly on land 
growing potatoes. Had it been Bes- 
semer slag, containing 40 to 50 per 
cent, of lime, there cannot be a doubt* 
that the results would have been BtUl 
more satisfactory ; and Wood feels 
sure that it must in some localities 
find a large outlet for this purpose. 

(5) The successful attempts made in 
recent years to remove the phosphorus 
from iron in the course of manu- 
facture by the basic process have at- 
tracted the attention of chemists to 
the possibility of recovering the valu- 
able manure phosphoric acid from 
j the slag. A patent was obtomed by 
Thomas and Twynam for the manufac- 
ture of phosphoric acid and phosphates 
from sl^, especially adapts to their 
recovery from slags produced in the 
basic Bi^emer and Siemens processes. 
The slag is first finely ground, and the 
particles of iron are picked out by 
means of magnets ; it is then treated 
with sufficient hydrochloric And, 
either in aqueous solution or in vapour 
to dissolve out the phosphoric add, 
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and part of the iron oxides. Tiie pow- 
dered slag may first Ikj roasted in a 
calciner to oxidize the ferrous oxide. 

If sufficient ferric acid' be not present 
ip the solution to combine with all the 
phosphoric acid, it will be necessary 
either to add some ferric oxide or 
pit‘ddlers' slag (which should perfcrably 
have been first roasted), or to oxidize 
any ferrous oxide present, either by 
chlorine gas or by the addition of 
manganese binoxide (in which latter 
case there must be sufficient free acid 
in the solution to cause the decompo- 
sition of the manganese binoxide and 
set free chlorine), or the ferrous oxide 
may be oxidized by other well-known 
mejins. The solution is then run off 
from any insoluble residue, and suffi- 
cient lime or (preferably) chalk is added 
to cause precipitation of ferric phos- 
pliate (magnesian limestone may be 
used in place of ordinary limestone for 
this purpose, the magnesia dissolved 
being afterwards precipitated by lime). 
The precipitation of the ferric phos- 
hate may be effected in the cold, 
eeping the solution well agitated ; 
but a gentle heat causes the precipitate 
to settle down better. When the pre- 
*cipitation is complete the ferric phos- 
phate is separated from the solution i 
by filtration, and washed to free it 
from calcic chloride. The precipitate is 
then dried, so as to drive ott'all its water, 
and digested with a considerable ex- 
cess of sulphuric acid, so as to decom- 
pose it into phosphoric acid and iron 
sulphate, which latter is insoluble in 
the excess of sulphuric acid employed. 
Ordinary cliamber acid is able to effect 
this decomposition, but a stronger acid, 
such as is obtained when using a Glover 
1 tower, is better adapted for the jmr- 
pose. The ferric phospliate should be 
kept well agitated in the liquid, which 
may be gently heated to facilitate 
* the decompomtion. When the ferric 
phosphate is considered to be com- 
pletely decomposed the insoluble 
► .ferric sulphate is separated from the 
« solution containing the phosphoric acid 
and eicess of sulphuric acid by means 
of a filter-press. Hie filtr^ will 


be found to contain nearly all the 
phosphoric acid in a free state, together 
with the excess of sulphuric acid, from 
which it may l)e separated by the aid 
of heat ; the sulphuric acid being 
tlriven off and condensed, leaving the 
phosphoric acid practically pure, or 
the solution containing the mixed acids 
may be used in place of ordinary sul- 
phuric acid for making super-phos- 
pliate of lime. The iron sulphate 
precipitate after being washed with 
sulphuric acid may be decomposed by 
heat ipto ferric oxide and fuming sul- 
phuric acid, or it may be mixed with 
salt and he«.te<l to form sodic sulpliate. 
In some cases, when there is no lime 
in the skig employed (as when treating 
puddlers’ cimler), the phosphoric acid 
is thrown down as a mixeil ferrous and 
ferric phosphate by means of lime 
without previous oxidation, and is then 
dried and treate<l in the same way as 
ferric phosphate, 

Casting-Beds. — In the Siegen dis- 
trict, Belgium, granulated slag is UB«jd 
for casting-bods, and gives clean pigs, 
preferred by the puddlers even to those 
cast in uron moulds. 

Cleveland Slag Works. — In 
works where so many special manu- 
factures have been developed the 
arrangement of the building — the 
design, position, and, working of the 
machinery at present used — must 
necessarily have been arrived at only 
by hard-eanied experieisje. The build- 
ing is constructed of sLig-cement con- 
crete throughout; the main buildiug 
has four floors, the size of wliich is 46 ft. 
by 33 ft., whilst the slag-sand stores, 
gantry, engine-house, lime-house, etc., 
occupy 97 ft. by 47 ft. The slag-sand 
is brought from the blast furnaces in 
large wooden railway trucks, holding 
between 7 and 8 tons each, and is run 
up an incline by the locomotive into a 
gantry. The liottom doors of the 
trucks are opened, and the sle^-sand 
is dropped or emptied into hoppers 
below. These hoppers are capable of 
holding about 600 ions of slag-sand, w 
storage enough for one week for three 
machines, andl^ should be kept con- 
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siaiitly filled. From these hopj)ers it 
is drawn into large wheel-barrows, and 
is taken up by a double-acting hoist to 
the top of the building. This hoist is 
driven from the main shafting in the 
mill, and is worked by two belts, one 
crossed, the other open, for the pur- 
pose of reversing the cages. The Ciiges 
can be made to stop themselves at any 
floor, and have a self-acting brake to 
prevent any movement of the cages 
after the straps are thrown off, the 
action being most simple and efiectual. 

The sand-barrows are taken* from 
the hoist at the top of the building, 
through a passage, and tipped into the 
hopper which supplies the brick- 
presses. Selenitic lime is fed into a 
small hopper, by hand, from a chamber 
or floor above. At the bottom of 
these sand and lime hoppers are the 
measuring apparatus, which accurately 
measure both the lime and the sand 
m the projxirtions necessaiy. Prom 
the meMuring drums the material falls 
upon sifting and mixing apparatus, 
from which it falls through the floor 
into the brick-press. This press has 
been designed especially for the pur- 
ine, and has many new points. It is 
of immense strength. The pressure is 
obtained by two cast-steel can^, which 
are feed upon a forged steel shaft 7i in. 
m diameter ; this shaft,* resting on 
bemngs between two strong frames, is 
put in motion by very powerful double- 
Hpur-whftels, the first motion 
shaft having a heavy fly-wheel upon it 
to steady and equalise the i)ull upon ' 
n pressure cams act | 

a^nst rollers fixed upon two steel cy- I 
linders or rams. These mms transmit 

H under the ' 

table. The table is circular, and con- I 
owns six pairs of moulds, so that four I 

bncks we pressed at one time, the table 

reaming stationary during the opera- 
At the same time the Vjricks are 
uf moulds 

are b^g failed up with material, whilst j 

theothertwoiiairsaredeliveringupthe ( 

four bncks already pressed at the previ- I e 
aus revolution of the cam shaft. The I e 
bncks are pushed out ofc^he, mould by i 


t smaller pistons, which are acted upon 
l 1 ; by separate cywns. The moulds are 
Ojliii^ with changeable stfiel plates 
B j e thick, and the sand and lime are 
e fed into two pug-mills. . These pug- 

0 mills are fitted with six knives each, so 
- as the more thoroughly to mix 

3 chop the spongy slag with the lime, 
r The table is sliifted round by a kind 
> of ratchet motion. Immediately above 

1 tlie pressure-cylinders are two pressure- 
5 stops, which are held down by the 

heavy-weighted levers. These levers 
I therefore, receive the whole pressure 
put upon the bricks ; and in case there 
I should be too much sand getting into 
the moulds, they simply lift up and 
nilieve the strain. The weights can 
be weighted at opti()n, and thus form 
an exact gauge of the pressure upon 
the bricks. The moulds are generally 
filled so as just to lift the levers in 
ordinary work. The filling is easily 
r^ulated by the set of the knives on 
the pug-shafts, which press the mate- 
ml into the mould, and one side of 
the pug-mill cylinder is made to open, 
so that the knives are accessible at any 
moment. 

The pug-mills arc filled by means of 
measurmg and mixing apparatus placed ' 
on the floor immediately above the 
bnck-presB. The mixing and measur- 
ing apparatus is very simple and 
eflicient, and works without trouble 
pe shig-sand is tipped into a hopper 
by large barrows, which are lifted up 
I by a hoist. At the bottom of this 
hopper there is a revolving cy lin der 
with ribs cast upon it, w'hich, revolving 
under the hopper, carries a certain 
thickness of sand, previously regulated 
to the requirements of the press. The 
slag then falls upon a, sieve, which 
sepjirates any large pieces in a solid 
state, and at the same time allows the 
sand to fall through the sieve like a 
showei*. The lime is fed into a sepa- 
rate hopper, and is regulated by a 
feed-roller of smaller size ; it passes 
down a shoot, which forms part of the 
slag-sand sieve, where it meets the 
shower of sand, falling together with 
it—thus getting thoroughly mixed 
I 2 ‘ 
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tho right side of the slag gantry i 
a«d hopj)crK is tlic mill for preparing 
the selenitic lime. Tlie lime, Jifter 
being ground under cdge-runnerH, is 
passed through a sifting apparatus, the 
wire of which has 24 meshes to the 
iiRdi ; it then falls into a hopper, is 
taken by barrows through a passage ; 
to the hoist, and lifted to the lime 
cliaraber before mentioned. In a line 
with this mill, and parallel with the 
slag gantry, are the stores for the lime, 
gypsum, and iron oxide ; whilst behind 
the lime-house are the engine and 
boiler. 

The hardening-sheds are tliree in 
number, and should l)e each about 1 00 
ft. by 40 ft. The floor must be perfectly 
smooth and level, as an uneven floor 
spoils the bricks. The sheds should 
have plenty of ventilation, and require 
to be cool in summer. Great care is 
necessary in stacking these bricks ; as 
they come off the t)arrows, they are 
placed on edge quite close together, 
and stacked six in height, and when 
once here in position there is little or 
no loss afterwards. 

Slag -Wool {Mineral Wod, or 
•SUioate Gotton.)^(a) The following is 
extracted from a lecture delivered by 
Fredk. M. H. Jones. 

When first commencing the manu* 
feature of slag-wool in this country, 
the material was blown direct from the 
iron furnaces, that is to say, we tapped 
the iron furnace at the reverse side of 
that where the iron issues to be con- 
verted into pig-iron. The stream of 
slag was blown upon by a steam blast 
through a jet, and the fibres were 
blown into a large receiving chamber 
where a portion was bagg^ up and 
sent off to the market, the balance 
being converted into sheets or slabs. 

The output by this means was some- 
what limi^, as space in the imm^ate 
vicinity of the iron furnaces was valu- 
able, and as the demand for the mate- 
increased, we had to take a leaf 
ou4 of the book of our smart American 
ooudns, in whose country the market 
is much larger, and we h^ to forsake 
the large iron furnaces for the Cupola 


I system. This system consists of feed- 
ing a cujK)la Juriiiice with minerals from 
the top ; tlie fuel employed lieing 
washed coke. The coke and slag are 
thrown into this cupola in alternate 
layers, with a certain quantity of other 
minerals which assist in bleaching the 
j fibre, and cause a fluidity of the mate- 
rials. A blast is required in order to 
secure the necessary hcjit to cause the 
mass to melt. As the fluid stream 
issues forth from a tap hole at the 
bottom of the cupf)la, a jet of steam is 
brought to bear on the stream of 
molten mineral, and is blown into a 
receiving chaml^r, in exactly the same 
manner as I have already referred to. 
I should here mention tliat iron melts 
at a temperature of 1992° F., but 
slag requires a considerably greater 
heat, about 2.500°, to enable it to 
fluidify. The material is to all practi- 
cal extent and purjwses acid proof — 
that is to say, it can only l)e aifected 
by very strong chemicals, not met with 
in a general way. Tho fibre is prac- 
tically everlasting ; having passed 
through a furnace, any trace of or- 
ganic matter which it contains lias 
been quite destroyed. 

Before proceeding to dilate on the 
numerouB uses to which slag-wool is 
put, let me jnquire into its non-con- 
ducting properties, fin the first place 
I may mention that 1 cubic foot of 
slag weighs 150 lb. avor., but when 
this single cubic foot * f slag is con- 
verted into slag-wool fibres, it has 
always been held to measure as much 
as 12 cubic feet at least, so you will 
see there is held in suspense fully 11 
cub. ft. of air to the one cub. ft. of slag. 
This clearly shows the remarkable 
air-harbouring value of the material. 
To clearly demonstrate my meaning 
here is a little block of slag, weighing 
precisely 8 lb., and here is the same 
article IJown into 8 lb. .of slag-wool. 
Well, no one will say that tins lump of 
slag is a non-conductor. Why? 
Bemuse it is a dense, solid body. 
Equally, you will all t^pree that slag- 
wool is the Jiest of non-conductors. 
Why? Biraufie it contains 11 parts 
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of confined air-cells, to 1 part of stony 
fibre. In fact it is a cliaracteristic of 
slag- wool that the fine ‘glassy fibres, 
which compose it, lie transversely and 
interlace each other, forming myriads 
of tiny air-cells ; and it is a scientific 
fact that confined air has no rival as 
a non-conductor. 

To proceed with the advantageous 
uses of slag-wool it may bo mentioned 
that the material is largely cniploye<l 
in oonnection with engineering and I 
allied trades for a variety of purposes, 
such as : — 

Covering boilers, stcainpipes, cylin- 
ders, etc., in order to avoid loss of heat j 
through nwliation and consequent loss 
of fuel. 

Lining bulkheads uptakes, refrige- 
rated holds, etc. , on Imrd ship ; and 
for lining refrigerator cars and loco- 
motive boilers on railways. 

Lining gas cooking stoves, in order 
to economise the consumption of gas. 

Lining incul^ators. 

Covering water mains and other \ 
pipes to • render them proof against ' 
severe frost, etc. i 

Frostproofiiucj . — The protection of ex- j 
posed cisterns in London used to neces- ' 
sitate the use of considerable ([uantities J 
of non-conducting lining, bj^t the com- ; 
parativc mildness of the climate now, ' 
combined with* the modern regulations ' 
conceniing the iKJsition of these vessels, 
has greatly reduced the demand for ! 
any soit ofljliti-thermal lining. 

Heatproojing. — Let us consider this 
as, perhaps, next in importance to 
frostproofmg. In the United States of 
America, where extremes of climate 
arc more prevalent than in our own, 
there is greater demand for anti-ther- 
mai lining for buildings of every 
description. In those Slates, long 
periods in the summer with the mer- 
cury averaging 90 degrees Fahr. are 
exijerienc^, whilst in the winter, they 
liave long spells with the thermometer 
registering several degrees below zero. 
This is where slag- wool, as a non-con- 
ducting lining for roofs, is higlily 
appreciated. | 

Notwithstanding * the temperate | 


j nature of our own climate in recent 
years, I have had many testimonials 
I from the owners of shooting boxes, 
etc., who have experienced the advan- 
tages of slag-wool as a medium for 
keeping buildings warm'in winter and . 
cool in summer. The material has 
been found of great Use in lining^he 
r(M>fs of bedrooms in attics and nur- 
series, as well as of factories. Owners 
of the latter testify to the conditions 
uiuler which workmen liave been 
enabled to ciirry out their daily work 
without Ijcing aliccted by extremes of 
tcmperatui-e, and this is of greater im- 
p«)rtance tlian at first sight might 
appear. No one knows better than a 
works manager to how great an extent 
a sjMill of tropical wejither in this 
country alFects the turn-out of manu- 
factures, but not all know how the 
loss may be greatly diminished by a 
slight expenditure on, say a one-inch 
lining of slag-wool. 

The advantages of slag-wool as an 
anti-thermal lining for buildings has, 
perliaps, been more appreciated in our 
Colonies and abroad tlian in our own 
country. Tliis is, in a great part, 
due to the fact that in the Colonies, 
corrugated iron and similar structures 
axe more in vogue, and everybody 
knows tliat there is no more pernici- 
ous material for absorbing heat or cold 
than iron, it being an ideal conductor. 
Ordinary roofing felt is frequently em- 
ployed for lining the inside of such 
structures, but I suggest that the thin- 
ness of tliis material renders it practi- 
cally useless for the purpose. I can 
only assume that this practice is due 
to misunderstanding. 

Hair felt is admittedly a very good 
non-conductor, and really suitable for 
the purpose, but for its objectionable 
habit of encouraging moths and other 
vermin. Slag-wool, being an inor- 
ganic substance, does not i>osseas tliis 
serious disadvantage, and it also lends 
itself to being employed at greater 
thicknesses than felt, at a much less 
cost. * 

Whilst on the subject of the preven- 
tion of the radiation of heat. Slag- 
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wool has been used for lining walls of 
rooms which back on to fireplaces in 
adjoining houses. The heat, radiating 
through the walls, injures pictures, 
and the {)as8age of heat often causes 
other inconveniences in adjoining 
roj^s. There are numerous other 
uses to which silicate cotton may be 
put in buildings as a preventative 
against conduction of heat ; for in- 
shince, as a lining for hot air ducts 
passing along jKissages, covering hot 
water pi{)es, etc. , but such uses readily 
suggest, themselves to i)r{w;tiwd minds. 

C<M Storatfc I-nsuhitiov,. — Slag- wool, 
as a lining for refrigerating chamliers 
in cold storage structures, illustrates 
the value of it for arresting the pa-ssage 
of heat. The cold storage movement 
has been booming in this country for 
some years past, and practically every 
town in the kingdom has its cold air 
store for the accommodation of perish- 
able products. The cold which is 
necessary for the preservation of the 
goods is produced, of course, by means 
of refrigerating machinery, but were 
the surrounding walls of the chambers 
not well insulated, the warmer outside 
air would be constantly finding its way 
mto the chiimbers and nullifying the 
work of the machines. For this reason, 
an efficient non-conducting lining is as 
essential for the economical working of 
the establishment as go<Ki refrigerating 
macliinery. I can s^ely say that 90 
per cent, of the principal cold air 
stores in this country are lined with 
slag-wool. 

Soundproofing. —So far as its applica- 
tion to buildings is concerned, I class 
the subject of the prevention of the 
passage of sound, or the muffling of 
sound, as the most important. Al- 
though the success which has attended 
the use of silicate cotton and the ex- 
tent of its employment are very grati- 
fying, I must frankly say that there is 
•till abundance of scope for architects 
an4 builders to interest themselves 
mbt^ than they do in the subject of 
sound-dewing. The general adop- 
tion of thick concrete floors in London 
buildings may have, tb a great extent. 


spared architects the necessity of con- 
sidering this matter. There is no 
doubt that such floors muffle sound to 
a considerable extent by reason of 
their thickness, but the fact is, the 
great cost of such floors render the 
additional use of soundproof lining out 
of the <juestion. 

Sound is carried by walls from one 
fl(K)r to another, in almost iw great a 
ratio as through floors, and the study 
of how to souudpi‘oof a room reijuires 
some coiisulcnition, mucli depending 
on the dilfereiit circumstivnccs of the 
structure, and as to wliether sound- 
proofing or merely sound-desKlening is 
required. To me, there is a distinct 
difference between “sound-deadening ” 
and “soundproofing.” Ordinary mor- 
tar pugging, which is, i)erhaps, em- 
ployed to a greater extent in Ijetter 
class buildings in Scotland and the 
North of England than in the South, 
serves the purpose of sound-deatlening 
fairly well, but it [)ossesses certain 
apparent drawbacks in being applied 
in a wet state. Slag-wool is always 
applicii di*y for this purpose, and the 
possibility of dry rot resulting from its 
use is, therefore, aljseut. Slag-wool 
also possesses the power of breaking up 
and absorbing sound-waves in a great 
degree, and k., at the rame time, meets 
the other requirement* of durability, 
reasonable cost, and hygienic properties. 

In the case of sound-deadening a 
partition by packing h^se slag-wool 
between the studding, strips of liair 
felt may be used with advantage to 
line the studs on the outside. The 
use of such strips of hair felt on the 
top of joists is, however, of practically 
no value, as the weight of the floor- 
boarding crushes it to such an extent 
as to cause it to lose its resiliency, 
and its sound-wave absorbing proper- 
ties. 

Everybody knows how tiie study of 
sound-preventing lias been neglected 
in the past in the construction of that 
comparatively modem institution, the 
dwelling flat. This neglect is in great 
d^ee the cau8| of the aversion with 
wffleh many people view such build- 
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inps. There is little, if any, excuse 
for the neglect T refer to. In these 
days of ^vanced civilisation, that 
which some years ago was considered 
a luxury is considered nowadays as an 
actual necessity, and it seems strange 
that so little ailvanceraent has l»ecn 
made in soundproofing flats. The 
trifling cost which would attend the 
free use of slag wool for the purpose 
would prove a good investment to the 
landlord. 

Where the value of slag-wool as a 
soundproofing medium appears to.liave 
l>een most highly appreciated is in 
colleges, music schools, dancing acade- 
mies, (H)ncert halls and hospitals. 

In many of those [diices in London 
alone silicate cotton has given most 
meritorious results. For inshuice, the 
divisional wall iKjtweon (Queen’s Hall 
and St. George’s Hall, liJUigham Place ; 
the Iloyal College of Music, Kensing- 
ton Gore i Cavendish Kooms, Morti- 
mer Street ; Uoyal Organ School, 
Princes Street, W., etc. 

Loose slag- wool is generally used 
for muffling sound between floors by 
laying rough souud-lwarding, resting 
on fillets fixed to sides of joists, .and 
alwut in. from top of joists. The 
si>ace bctw<)en the sound-bojjrding and 
the top of joists is packed firmly at 
haml pressure with the loose material, 
and thou the floor-boarding laid on the 
top. Whilst this system of deadening 
sound iMwsessIs many advantages ()ver 
others, a certain percentage of sound 
must necessarily l)e conveyed by 
means of the wooden joists themselves. 
A complete insulation of sound can, 
however, be secured by the adoption 
of a sheet form of silicate cotton, for 
inshtnee, combined slag wo<>l and 
plaster slabs. These slal« consist of 
sheets of plaster with an internal 
layer of 20-gauge galvanised wire net- 
ting, and TOdded with a one-inch 
‘thickness oT silioite cotton, held in 
position and secured by means of 
another sheet of wire netting and soft 
wire. These slabs are secured to 
timber joists or uprights by means of 
3-in. nails, and the •keyed face of 


plaster slab is finished off in the same 
manner as an ordinary fibrous plaster 
slab may l)e treated. Nothing extra- 
ordinary in the way of timbering is re- 
(juired, ordinary joists ^ or uprights 
fixed at the usual distances apart 
sufficing. ^ 

The applicjition of’ slag-wool in a 
room in no way injures the acoustic 
properties of the sjwce, in fact, the 
very reverse effect is experienced. 

One cannot help sometimes feeling 
amazed at the assurance of some manu- 
fjvcturers who claim sound-deadening 
properties for structural materials in 
buildings which liave nothing of an 
air-harbouring nature in their con- 
struction, in ifact, any cavities which 
would hold still air in suspension 
wouldjlsj a detriment to the structure, 
inasmuch as it would weaken it. Such 
claims are generally a poor compliment 
to the intelligence of the individuate 
to whom they are supposed to appeal. 
It is the air-harljouring propensities of 
skig-wool which endow the {ujcumula- 
tion of its fibres with a sound-deaden- 
ing virtue, which is not to be found 
to the same extent in any other 
building material Avhatever. In closing 
the subject of sound-deadening, I might 
here relate a rather funny incident 
which occuired some years ago. An 
architect specified slag- wool to be used 
for pugging floors to deaden sound. 
We knew approximately the quantity 
which would be needed from the figures 
of the superficial area in our posses- 
sion. In due course the builder sent 
along an order for one cwt. of loose 
silicate cotton to be delivered on the 
job. I subsequently called to ascer- 
tain when the balance might be re- 
quired, but the builder’s representative 
informed me that the bog sent would 
lie quite sufilcient. My curiosity was 
aroused, and the gentleman frankly 
showed me the process of application. 
Guess my surprise when I found d 
man crumbling the fibre between his 
hands, and sprinkling it on the t<^ of 
the joists like powder. 

Fireprooji'ng.—li I treated the sub- 
ject in anything like the manner and 
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at the length which it deflerves, it 
would be taking too much time. I 
therefore confine myaelf very briefly 
to this part of my paper. I have 
already explained to you that slag, of 
which slag-Wool is practically consti- 
tuted, can only be affected by heat at 
atbmperature bf alwut 2500®, which 
is alx)ut 600® in excess of that at 
which iron melts. This fact, alone, 
explains to you at once the great fire- 
resisting power of slag-wool. Were 
slag-wool capable of being converted 
into a structural materi^ the field 
for utilising it would practically be 
unlimited, and concrete, which is the 
predominant fireproofing agent nowa- 
days, would fall into comparative 
disuse. 

We have, therefore, to content our- 
selves by making use of slag-wool in 
the various slab and sheet forms for 
rendering roofs, floors and partitions 
fireproof, and also as a non-conducting 
protection for steel and iron girders. 
Bather an unfortunate idea prevades 
the building trades that a timl)er floor, 
rendered fireproof by means of one of 
the slab forms of slag-wool which I 
have before me, is too expensive as 
compared with concrete and iron, but 
such is really not the case. A floor 
fireproofed by means of slag-wool 
renders the joists, if pcrcliance they 
happen to be iron or steel, proof against 
the effects of fire, that is to say, when 
the underside of floor is subjected to 
extremes of heat, in the case of a 
conflagration, the heat cannot possibly 
transmit itself through slag-wool and 
cause the dangerous and fatal tendency 
of the structure to warp and splinter. 

Apart from the economy that may 
be effected in the construction of fire- 
proof buildings, such as flats (and 
might I here mention country man- 
sions, in which there has been quite 
an epidemic of fires lately), a sound- 
proof building is at the same time 
secured, and in these days, when cheap 
luxuries are so much sought after, 
this Advantage is of great importance. 

The great fires in St. Mary Axe 
and Cripplegate a few years ago clearly 


I demonstrated what damage can be 
done by the twisting and contortion 
of the girdel’s influenced by excessive 
heat. As a matter of fact, some classes 
of wood are much more fire-resisting 
tlian iron or steel. The fire causes a 
charring of the beams, or, in other 
words, envelopes the body of the 
beams with a non-conducting lining 
of charcoal. Therefore oxygen cannot 
penetrate, and without oxygen we 
cannot have combustion. 

(6) Of late years iron-founders have 
made so many improvements in the 
I extraction of iron from the ore that 
the slag hits lost some of its value for 
mineral wool, and the wool is now 
made fnun the slag heaps of former 
years with letter results. The slag, 
when delivered at the works, is broken 
into 4 lb. to 8 lb. lumps, and is then 
elevated to a platform by an endless 
belt carrying buckets. From there it 
I is fed into the top of a cupola with 
about 12 per cent, of limestone and 
8 per cent, of sandstone. The lime- 
stone is added to give the wool its 
white colour, and the sandstone helps 
to make it light and fluffy, as the sl^ 
by itself is glassy and rather heavy. 
It takes about two tons of coal and 
over a ton,of coke as fuel to every ten 
tons of the rock mixture. The three 
heating cupol&s are about 4 ft. in 
diameter inside, and nearly 7 ft. out- 
side, as they are built of heavy iron 
and lined with firebricl. They are 
from 12 ft. to 18 ft. high. An air 
pipe about 10 in. in diameter encircles 
the base of each cupola, from which 
tuyeres about 3 in. in diameter lead 
into the base of the cupola, 

A layer of wood is followed by a 
layer of coal and coke, then a layer of 
the rock mixture. More coal and 
another layer of rock liaving been 
placed in the cupola, the fire is started, 
and an air blast with a pressure of 
from 3 lb. to 6 lb. per inch is forced 
tlirough this mass, soon heating and 
fusing it. Wlten it is in this state a 
small opening is made at the base of 
the cupola, and a stream of the fluid 
mass, as thick as ^e stem of a clay pipe, 
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is allowed to run out. A steam-pipe 
with steam of 90 lb. has a suits' le 
opening about a foot Iwlo^ the bast of 
tlie cupola, and a few inches from the 
stream of melted rock. A valve bebig 
opened, steam rushes out of the pipe 
with great velocity, encounters the 
stream of glowing liquid, and carries it 
along with it in a rush. The steam- 
jet and the flow of the rock are ad- 
justed with such nicety by the atten- 
dant tliat none of the liquid drops to 
the ground, but all is caught up by 
the steam and whirled into the blowing 
chamber, where it falls by its own 
gravity. The blowing chambers are 
oblong rooms 20 ft. to 30 ft. wide, 
twice as long and about 20 ft. high, 
and such is the force of the jet of 
steam that the finer wool is blown to 
the extreme end of the room, the 
heavier and coarser settling down 
nearer the entrance. Having thus 
been automatically graded, it is packed 
in bags for domestic use or pressed 
into bales for export. The l)ags weigh 
from 35 lb. to 66 lb., according to 
quality, and the bales weigh from 
150 lb, to 180 lb. When running 
with a double shift working from 18 
to 20 hours the capacity of the works 
is about 10 tons per day. ^ 

The uses of mineral wool are so many 
that the supply^ hardly ever equal to 
the demand. It is used for packing 
around boilers, furnaces and pipes to 
retain heat, aiid in other places to keep 
the frost out. It is used in buildings 
between the walls and in the ceilings to 
deaden the sound and also to retain 
heat. During the recent coal scarcity 
in America it was put to a new use, a 
wire cage being packed with the min- 
eral wool, which was then impregnated 
with kerosene and used as fuel in 
heaters or stoves, and as it is incom- 
bustible it would last indefinitely. 
(‘ American Machinist.’) 

(c) As carried out by Wood at the 
Tees Iron Works the process is exceed- 
ingly simple, A jet of steam is made 
to strike upon the stream of molten 
slag as it flows from the usual sijout 
into the slag waggons %r bogies. The 


steam scatters the slag into shot. As 
each shot leaves the molten stream, it 
draws out a fine thre»id, just in the 
same way as when you touch treacle 
lightly with the finger — if you lift it 
up you will see a fine thread attached. 
The consistency of molten slag is not 
unlike treacle ; each shot makes a l^ne 
thread which, losing its heat, becomes 
set like glass. The shot being heavy, 
drops to the ground, but the thread is 
suci d into a large tube by an induced 
current of air caused by the steam jets, 
and the wool is discliargcd into a large 
chamber. The finer qualities float 
about and settle near the outside, 
whilst the heavier or larger fibres lie 
chiefly in the centre of the cliamljer. 
After each blowing the chamber pre- 
sents a most remarkable and curious 
as well as a beautiful appearance. 
The wool is of snow-white colour, and 
attaches itself to the sides and roof, or 
to anything which it can touch, in the 
same manner as a light fall of snow 
does in calm weather u])on every tiny 
twig of a leafless tree. The wool is 
token up daily with forks, and put 
into bags for sending away, It is prin- 
cipally used for covering boilers or 
st^m-pipes, for which j)urpose it is 
peculiarly a^pted, os being a splendid 
non-conductor of heat, and incombus- 
tible. About 4 tons of tliis wool is 
produced per week, and as only J cwt. 
is made from each ton of molten slag 
operated upon, the process is not a 
very rapid one. 

Repeated bursting of hot- water piiws 
encased in slag-wool induced Professor 
T. Egleston to examine into the cause. 
The results he obtained are set forth 
in the following abstract from his paper 
on the subject before the American 
Society of Civil Engineers. 

Slag transformed into wool does not 
differ in any respect from slag in a solid 
condition, except that its fibres be- 
come interwoven. It occupies, when 
not compressed, a maximum volume 
for a minimum weight, and thus re- 
tains a very large quantity of air. iTus 
is its only value ; it is the air and not 
the slag which is required. The only 
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value of the slag is its capability of 
holding this air when it is not com- 
pressed ; when it is compressed, it has 
very little more value than slag in its 
solid form. This compression may 
caused by the sagging of the pipes on 
it^f only the envelope and not the 
pipe is supported, or by its Incoming 
soaked with water, when it mats to- 
gether, water takes the place of the 
air, and it ceases to be a non-con- 
ductor of any value. Its great value is 
in its very fine fibres, but it is precisely 
this quality of fine division which makes 
it most dangerous, for in t his condition 
it is most easily attacked by organic 
acids, alkalies, or moisture, which not 
only decompose it, but render the 
pipes liable to attack. Even the com- 
mencement of decomposition causes it 
to sag au<l settle. 

It would seem, therefore, that 
mineral wool, if made from slags con- 
taining sulphur, is, under certain 
conditions, a dangen)U8 material. In 
one case of explosion, the moisture 
undoubtedly owne from defective 
joints, which are likely to belong to 
any other system. In the other and 
far more dangerous one, this moisture 
was that of condensation ; and as it 
was not expected, every precaution 
having Ijeeu taken agjiinst it, it is by 
far the more dangerous one, as it would 
not be looked for, while every joint 
would from time to time lie visited. 
In any system, moisture is likely to 
come from rain or snow leaking through 
the envelope, where the pipes are ex- 
posed above ground in the open air, or, 
when they are below ground, from 
drainage water, and, in both cases, from 
condensation, due to sudden cooling or 
too sudden heating of the pipes. The 
effects produced are likely to be all the 
greatw in intensity as the pipes are 
hotter, this facilitating the liberation 
of the sulphuric acid, which produces 
a further decomposition of the slag, 
and keeps setting free new jiurtions of 
i^d to further decompose the slag and 
attack the iron* The moment the 
silica commences to assume the gelatin- 
ous condition, the other constituents 


of the slag are set free to attack the 
pipes, and unless the leakage is found 
an(f stopped an accident 'is sure to 
happen. It seems, therefore, a wise 
precaution, when this substance is 
used, to employ it only where leakage 
is not likely to occur or moisture to 
collect, and to carry the whole system 
above ground, under cover ; or, when 
it is necessary to carry it below the 
surface, to have all parts easily acces-' 
Bible, so that it may be carefully 
examined from time to time. Beneath 
the ground, where it cjinnot Ije exa- 
mined, it becomes a real element of 
danger. Kept free from moisture, 
mmeral wool is one of the best and 
cheapest materials that can be used for 
covering steam pipes. To employ it 
successfully it must not become 
packed, for then it loses its non-con- 
ductive power. When it becomes 
moist, it pocks ; and if this moisture 
and packing are continuous the slag 
is attackeil, lil)eratiug its dangerous 
elements to act on and weaken the 
pipes. 
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Smithy Tools, and 
Their Uses. 

Smiths’ Work.— Though none 
but a professional smith could hoj)e to 
undertake elaborate works in wrought 
iron and steel, yet many simple jobs 
can be done with a very moderate 
amount of practice, such as the l)end- 
ing, drawing down, upsetting, sliaping, 
and welding of the plainer kinds of 
work. 

In a small shop an ordinary forge 
would be rather cumbersome. Hence 
one of the small portable forges would 
l)e preferable to a mass of brickwork 
and iron, if it were not for the difficulty 
of carrying off tlie smoke. If the foi’ge 
is to be in a closed building, there 
must be a hood and chimney. If, on 
the other liand, it could be placed 
without the building, i)rotected by a 
lejin-to roof, a portable rivet or similar 
forge would bt; lighter and less exjxju- 
sive. The circular l)ellows in Fig. 72 
are either of the single or the double 
blast type, the latter giving a co,n- 
tinuous cun'ent of air, but being also 
the more expensive of the two. Forges 
with 16 in. bellows are the smallest 
made, and either these or 18 in. would 
be the handiest hr a sniMl shop. A 
ligiit framework of bar iron su])f)ort8 
the circular hearth. The circular 
bellows are cait’ied beneath, and are 
worked by the handle, levers, and 
rocking shaft, the blast Iwing conveyed 
through the bend pipe into the l«ck 
of the hearth. 

The ordinary fixed forge is built of 
brick or stone. The hearth bricks 
simply enclose a hollow space which is 
filled with cinders, and upon which 
the fire is laid. The hearth back is of 
brick or stone, faced at its lower por- 
tion with a plate of iron, through which 
the tuyere passes, and pierced at its 
upper portion with a square hole 
leading into the chimney. Thechimney 
need not be long, its function not 
being tlie production of blast, but only 
of a sufficiency 6f drauglA to lead away 


the smoke. The face of the hearth 
for a few inches inward from the edges 
is usually covered with a sheet of cast 
or wrought iron, for the sake of pro- 
tection to the bricks. Two troughs 
occupy the front of the forge — a coal 
bunk, and a slake or water trough, 
the two often lieing made in one cast- 
ing. 

About the cheapest forge which can 
lie made is that shown in Fig. 78, 
and one which any amateur could con- 
struct at a low cost, and with very 
little trouble. It can be employed 
out of doors, or placed indoors under 
a hood and Jigjunst a wall leiuling into 
a chimney. Angle irons for the sup- 
ports, flat Iwr iron for the horizontal 
stretchers, and sheets for the hearth 
andcoid bunk are all that are required. 
The bearing surface of the angle iron 
will keep the structure from rocking ; 
but if there is any tendency to un- 
stcjidiness when working the l)ellow8, 
a diagonal brace on eacli framing will 
prevent it. The bhwt may be taken 
from long Inillows jflaced undeniejith, 
and worked by means of a lever li/indle, 
set conveniently Irehind the hearth 
back, but keyed to a rocking shaft 
which moves in bearings bolted to the 
under swie of the hearth plate. The 
rocking shaft pissing thus underneath 
to the front of the forge Jictuates a 
lever and connecting rod, completing 
the connection with the Ixittom Ixiard 
of the Ixjllows. Or the blast can be 
taken from a blower at the back, eitlier 
with single or multiplying gear. A 
small forge of tliis type may measure 
out and out 26 in. long, 22 in. wide, 
and 30 in. high. The angles may 
measure in. x IJ in. x J in,, the 
bar stretchers IJ in. X i in., and the 
sheets about ^ in. thick. 

The supplying of the blast is effected 
cither by means of ImjHows of circular 
or long pear-shaped form or by fans or 
by blowera, and in these matters the 
purse and the convenience of the user 
would be consulted. Bellows aje 
worked by a handle and rocking staff, 
and attached to the forge, or distinct 
therefrom, according to convenience. 
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A fan is preferable to bellows, and is 
worked by liand or foot, or power, but 
should be driven with multiplying 
gear to get up the speed. In factories 
a single fan worked by a belt from the 1 
engine supplies blast to a range of ! 
fglges ; a throttle valve under the 
control of the smith regulating the 
passage of the blast to each forge. 
Numbers of small forges are now sold 
very cheaply fitted with fatis, or with 
Root’s blowers, so that tlieold-^hioiied 
letither bellows seem to be doomed to 
ult^imate extinction. A small fan is 
shown in Fig. 74. The cheeks, A, are 
of cast iron grooved to a Imre J in. 
deep, a, to take the strip of sheet iron 
or brass, B, which is cemented in with 
white lead and clamped together with 
bolts h pissing between the sides. The 
fan spindle, c, is carried in bridge-like 
bearings, D, bolted to the sides of the 
cheeks, and the fan itself is comi)osed 
of dished sides of sheet iron or tin, E, 
between which the vanes d are soldered. , 
The dished sides are soldered to brass i 
rings, e, which run against the inner ' 
faces of the cheeks. The vanes or | 
blades are also soldered to the curved i 
ribs /, on the central boss, made of j 
gun metal. The actual fan requires 
to be nicely balanced, owing to the 
high speed at which it rotates. The 
fan sides are each furnished with a 
central hole to admit the air. Instead | 
of flat cheeks, two castings can be made j 
with curved outlines, and bolted to- j 
^ther with a central outside flange, 
in the manner so familiarly known in 
foundry and other fans ; but this means 
the making of two rather troublesome 
half patterns. The form of blade used 
in the common old-fashioned fan is 
shown in Fig. 76, but it is noisy. It 
is easy to i]^e, the blades revolving 
within the outer casing, and as close 
to the sides without actually touching 
them as possible. 

By midtiplying gear, we mean some 
arrangement by which the proper 
"s^ed of a fan can be imparted without 
excessive labour at the hand wheel . A 
hand wheel driving direct to the fan 
pulley T^l do, but with multiplying 


gear smaller wheels and less work will 
effect the same results. The perspec- 
tive view |Fig. 76) illustrates this 
gear, the relative positions of the 
wheels varying as best adapted to the 
forge itself, and, of course, a treadle 
can be substituted for the handle. As 
drawn, the wheel A would be to one 
I side of the forge clear of the hearth, 
i its bearing being bolted to the hejirth 
j l«ick, the bearings of the other wheels 
‘ being bolted to the stretchers under- 
nejith the he<irth. 10 in. would Ijc a 
' g(M)d size for the wheels A and B. 
Bands are preferable to rojws running 
round grooved pulleys, since the latter- 
properly require tightening gear for 
j alterations in length due to tempera- 
ture. 

i There is also the tuyere or tue iron 
to be considered, its function being the 
. conveying of the blast to the fire. Tho 
1 nose of a tuyere would rapidly bum 
' away, and does inevitably burn in 
time ; but its destruction is retarded 
by the formation of a water chamber 
behind and around it, a current of cold 
water being made to circulate by con- 
veption witliin a conical cylinder 
through which the blast pipe passes, 
the whole being attached to a 
cistern ^r “water bosh." Fig. 77 
shows this, the more modem type, in 
section, and* Fig. 78* a section of tho 
older tue iron, made either in cast or 
in wrought iron. These are illustrative, 
however, of the tuyeiAs used for large 
forges ; but the small forges here 
! figured are not provided with a water 
I tuyere, because they are not subject to 
, so fierce a heat as those of larger 
j dimensions, and they are used inter- 
mittently. The nozzle which receives 
I the blast pipe is, therefore, simply 
thickened up in these cases, and the 
! boss piece is cast in one with a back 
I plate, and thus bolted to the hearth 
back, so as to be readily renewable, as 
in Figs. 72, 78. 

The firing tools are the poker (Fig. 
79), the slice (Fig. 80), and the rake 
(Fig. 81). A ladle is also used for 
lifting water ^m the slake trough for 
I the (kmping aown of the fire. 
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The anvil (Fig. 82), of *wrought iron, 
steel faced, is often supported at its 
proper height — alnmi 2 ft. — on a block 
of wood, liaving spikes driven in at the 
corners to keep the anvil in place. A 
much neater and better way is to liave 
a hollow standard of cast iron (Fig. 83) 
funiished with ledges for the anvil, and 
with holes at the sides for clearing out 
the scale and dust. Such a casting is 
easily made from a pattern by coring 
out, gives less recoil than wood, and 
looks neat. Anvils weigh from a few 
lb. to 4-5 cwt. , one of 2 cwt. being of 
suitable size for light work. The 
conical end is called the “beak,” or 
“bick,” the steel top the “face,” the 
body the “core.” There is a square 
hole, or sometimes two square holes, 
in the face to receive the anvil cutter 
and the various bottom tools. 

Of the large number of tools of dif- 
ferent shapes employed by smiths, 
those which are in most constant re- 
quest are the hammers and tongs. 
After these come the different sets, 
swages, fullers, and flatters. A smith 
who works alone is vastly more limited 
in the number of tools which he can 
employ tlian one who lias a striker to 
assist him. When a man is holding 
his work with the one hand and the 
hammer with the other, he cannot be 
holding top swages and flatters and 
sets as well. But when a two-handed 
job is reijuired, help can usually bo 
obtained. 

Of hammers tliere are two principal 
^ types, each varying in weight and 
shape, the hand Immmor (Fig. 84) 
and the sledge (Figs. 85, 86). The 
former weighs 1-4 lb., the latter 
about 4-14 lb. A liand liammer of 2- 
3 lb. weight is useful for general work, 
the lightest hammer, about 1^ lb., 
being chiefly used by the smith to indi- 
cate ‘to his striker at which points to 
direct his blows, the heavier hammers 
for drawing down and forging light 
weyks. The lighter sledges are* used 
' “db^jianded,” that is, for lifting and 
string in ^a circular arc simply, over 
the work; The heavier sieves are 
Bvmng in a complete circle, or “about 


sledge. ” The liandles of each of these 
hammers are made of ash, well spoke- 
slwved, and* smoothed with glass paper, 
and are wedged with a single wood 
wedge, as shown in Fig. 87, wedges of 
wood being less likely to work loose 
tlmn those of iron. 

Taking the various tongs in order 
(Fig. 88), we liave A and B the flat 
bit tong.s, having flat panillel jaws, the 
width of opening of the jaws being 
greater in the “ oimjii mouth *’ A than 
ill the “close mouth” B — the former 
being used for thick, the latter for thin 
work, but each being similarly used 
for the purpose of gntsping flat iron 
bvrs and sheets. The pincer tongs C 
are made in two forms, the first being 
simply concave in the jaws, the second 
veed as shown, the function of each being 
the grasping of round, square, or hex- 
agonal bars. The hollow space liehind 
the jaws allows of collars and similar 
expansions on forged work being 
enclosed thereby. D are tongs of 
similar type, but more widely useful, 
because longer and more enlarged be- 
hind the jaws. The “ crook bit tongs ” 
E ore very common, and ore made in 
various sizes, their peculiar shape per- 
mitting of a bar of iron passing down 
by the liandles, while the lip on one 
jaw serves to retain the bar in place. 
The “liammer tongs ” F grasp punched 
work, entering into the punched holes. 
The “hoop tongs” Q are for holding 
rings of thin metal, ‘fl are “bolt 
tongs ” for grasping bolts or rings of 
round bar iron. 1 J ore two forms of 
“pliers,” the latter being in constant 
use for general light work, picking up 
light rods, punches, drifts, hardeniM 
and tempering tools, etc. KR “ hol- 
low bit tongs,” made in many sizes for 
holding reds of circular or other 
sections, wliile L and M are “flat 
tongs,” two of the commoner modifica- 
tions of the last type, and also made in 
several sizes for gaping flat bars of 
different widths and ’thicknesses. 
These embrace the principal types at 
toi^, but, like many other tools, they 
rapidj^ increase in number, and a 
single forge will have 20-50 pairs of 





128 


Smithy Tools and Their Uses. 


different sizes and in various modifica- 
tions. 

All tongs are made to grasp theii* 
work by means of a “coupler” em- 
bracing the handles or reins (Fig. 88 ' 
H), and just tapped over with a ham- 
mer until they tighten themselves, so 
that the smith, has only to turn the 
tonga and work about, the coupler 
maintaining a firm hold of the jaws on 
the work. 

For cutting off bars, rounding edges, 
and rough dressing of forgings to 
shape, the chisels, or “ sets,” and the 
gouges are emi)loyed. First there is 
the anvil cutter (Figs. 89a, 89b), whose 
shank drops into the square hole in 
the anvil, before mentioned. The 
chisel edge being therefore uppermost, 
when aW of cold iron is pl^d across 
it and struck with the liaminer, the 
bar being rotated the while, the latter 
is nicked circularly, and may then be 
easily broken across the edge of the 
anvil, the fracture appearing of a 
crystalline character. The “ hot ” and 
“cold” sets (Figs. 90, 91) are also 
chisel-like tools, the difference in these 
consisting in the angle at which they 
are ground, the “hot set” being 
ground thin, the “ cold set ” relatively 
thick, and used, as their names imply, 
for cutting bars hot or cold. These | 
are handled in a similar fashion to 
hammers, or on withy rods or rods of 
iron, the sketches indicating both forms 
and the modes of handling applying 
indifferently to either. Tools like 
Figs. 92, 93, differ only in respect 
to their width and radii, their edges 
being curved to various sweeps for 
, cutting corresponding outlines on red 
hot iron. These ‘ ‘ gouges ” or “ hollow 
sets” are struck % the sledge, the 
smith holding the tool by the withy 
handles, while the striker directs his 
blows on tlie head. The bevel is either 
inside or outside ; and when cutting 
through a thick mass of iron it is 
necessary to withdraw them occasion- 
'sdly, and dip them momentarily in 
water to prevent softening and loss of 
temper. 

B^des these there are a large num- 


ber of non-cutting tools of different 
forms. Chief among these is the 
“fuller,” used, as its name implies, 
for “ fullering ” or drawing down iron 
in a series of grooves, for welding, or 
for obtaining a flat surface, or for pro- 
ducing a starting point from wliich 
to bend a bar, A “top fuller ”*is 
shown in Fig. 96, A, a “bottom 
fuller” or “anvil fuller” at B, the 
latter resting by its sliank over the 
anvil hole, the former being handled 
hammerlike, or by withes. The top 
fuller may be used while the bar rests 
upon the anvil face, or the bar may 
rest uiion the bottom fuller and be 
struck by the hammer above, or the 
bar may be drawn down between the 
top and bottom fullers, the upper one 
being struck by the sledge wWde the 
bar is moved into successive positions 
until the iron is thinned or tapered 
by a series of grooves. The “ nicking 
fullers ” (Figs. 94a, 94b) are made in 
various sweeps, and they fulfil the 
sjvme purpose for circular shafts and 
rods that the others do for flat bars. 

To finish planesurfaces the ‘ ‘ flatter ” 
(Fig. 96) is employed. This is also 
struck by the sledge, and finishes or 
flattens the surface, removing the un- 
even ridms and indentations left by 
the hammers and fullering tools. 

The “swages” form also a very 
large family in themselves. They are 
so termed because by their agency 
work is “ swaged ” or dfawn down and 
made to assume definite outline corre- 
sponding with the shapes of the swages. 
These are, therefore, dies in principle, 
because the work can only assume t^e 
shapes given to the swages. Being 
also used in pairs, one top, one bottom, 
they are commonly called “top and 
bottom tools. ” Some shapes are given 
in Fig. 96. A are bottom swages, 
that is, they fit by their square shemkg 
into the hole in the anvil face. The 
shape of the corresponding top swages 
is seen at B. The ordhiary shapes 
are the half-round, the veed, and the 
hexagonal, each being required in 
ferent sizes. Fig. 97 represents a 
swage block foite hMvier class of work. 
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the various sectional forms around its 
edges answering the purpose of bottom 
swages. It is conveniently laid upon 
a cast iron stand, similarly to the 
anvil, on which stand it can also be 
laid flat in order tliat the central holes 
shall fulfil the functions of “ heading 
tools,” that is, of the type of Fig. 103, 
for finishing the square shoulders of 
bolt heads and similar flat expansions. 
The top and bottom swages are fre- 
quently united in one with a bent rod 
of iron, which serves to keep them in 
fine, and becomes a convenient liandle. 
They are then termed ‘ ‘ spring swages, " 
or “spring tools ” (Fig. 98). 

There are three m^cs of handling 
tools employed by smiths. The first, 
just now referred to, of wedging the 
hammer head fast in the shaft. The 
second, that made use of with some of 
the sets, gouges, fullers, and flatters, 
in which the handle is simply thrust 
tlirough an eye in the tend without any 
attempt at wedging, the reason being 
that their constant and almost close 
contact with red-hot iron would cause 
wedges to work slack almost directly. 
Hence the smith, previous to using 
either of these tools, usually strikes 
the butt end of the shaft on the anvil 
to tighten the head. Lastly there is 
the method of fixing by haisel rods. 
These are straight h^l, sticks about 
J-f in. in diametbr, twist^ round the 
necks of the tools (Rgs. 94, 96), the 
elastic wood f)reventing painful jarring 
and blistering oi the Iiand of the smith. 
Before being bent, they are soaked in 
water and stcam^ over the fire, tlie 
operation being alternately repeated 
until they are sufficiently pliable to 
bear bending and twisting, but not 
taking more than a minute or two. 
The parallel rods are united perma- 
nently by a coupler, and are never 
taken off the tools except when they 
need renewal. Very often it is the 
practice to substitute iron rods for 
those of wood, as being more durable, 
the rods being bent in the same manner. 

A hook wrench (Fig. 99) is used 
for giving a slight amount of torsion 
to flat liars while red l^t, which have 


become twisted or winding in the 
process of forging. Fig. 101 may be 
taken as a type of the punches wmch 
are employed for piercing holes through 
red-hot iron, and Fig. 100 of the drifts 
for enlarging and making them parallel, 
the work Mng laid upon a bolster 
(Fig. 102) the while. .Fig. 103 i8*a 
healing tool, of which there are several 
sizes used for shouldering the heads of 
bolts and rivets, or any work provided 
with collars, though where a collar is 
welded or otherwise formed on the 
centre of a bar collar swages are often 
used in preference. 

As a simple example of the practice 
of forging, take the connecting rod 
(Fig. 104), one with a forked end 
being purposely chosen as being more 
complete for purposes of illustration. 
This could 6bviouBly be made by build- 
ing up — that is, the enlargements at 
the ends could be welded on a bar of 
the diameter A ; or by swaging down, 
in wliich the diameter A would be 
hammered down from a bar of the 
sizes B or C of the larger ends ; or 
by jumping up, where the ends would 
be l)eateu up or “ upset ” on a bar of 
diameter A. Or it can be made bv a 
combination of these processes if a bar 
of medium dimensions only is available. 

Say we have a piece tf bar of the 
dimensions A ; we can get on ve^ 
well with tliat. We build a fire in 
such a way as to obtain “ a solid core 
of heat ’’—that is, we have a certain 
portion in front of, but away at a dis- 
tance of a few inches from the tuyere, 
intensely hot, and for the time being 
open above, but flanked at back and 
front with two masses of wetted hard- 
caked small green coal or “slack,” 
which partially confine the heat (Fig. 
105), and form a reserve supply for 
the incandescent mass ; and the larger 
the forging the larger the resenre of 
“stock.” Putting that portion of 
the bar which requires to be heated — 
in this case the end — into the cen^ 
of the fire, cover it over with a mix- 
ture of stock and new coal, so a8,to 
enclose it completely, localiring the 
heat where required by keeping wet 
K 
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coal over the portion which is not to I of the bar ; now and then, also, it will 
be heated. Then the blast is put on, bo partly withdrawn in order to lie 
and the heat is enclosed and intensified sure tliat it^ioes not get burned. The 
■around the bar. The bar, especially ' heat at which it should get taken from 




Smithy Tools and Their Uses. 


l31 


hot, and just beginning to throw off 
vivid sparks. Beyond this tempera- 
ture it becomes burned 'and spoiled. 
When the bar is at the white heat it 
is removed from the tire by means of 
hollow bit tongs and transferred to 
the anvil, whence we will follow the 
process through, remembering that in 
smiths’ work the whole manipulation 
must be foreseen from the beginning, 
and the tools all be at hand, so that 
there sliall be no hesitation and loss 
of time arid heat. We will first sup- 
pose tliat the hollow of the forked end 
is to be slotted out of the solid, and 
then, for further illustration, we will 
assume that the hollowing out is to be 
done at the anvil. 

While at a white heat we shall 
“ upset” the iron in order to obtain 
sufficient breadth for the forked end, 
and to do this a short heat only will 
have to be taken on the end of the bar. 
Thus if the length of the forked por- 
tion C were 3 in., the end of the Ijar 
would be heated only to a length of 
7-8 in. If more length is required, 
two successive heats should be taken. 
Tliat portion of the bar, then, which 
lies beyond the part which has to be 
upset will not bk;ome bent or other- 
wise distorted during the .upsetting 
process, but remain rigid. The up- 
setting is performed either by jumping 
the bar heavily end on to the anvil, 
the hot portion, of course, being down- 
ward (Fig. 106), hence also called 
jumping up, or it is hammered with 
the sledge, swung in a nearly hori- 
zontal arc, the smith holding the bar 
horizontally on the anvil with the 
tongs, or a heavy cast-iron monkey 
(Fig. 107), suspended by a chain, is 
swung heavily against the end of the 
bar. 

When the amount of jumping up 
which is required is slight, the first 
method suffices ; for heavy work the 
latter plans are adopted. Upsetting 
reduces the length and increases the 
breadth and thickness, and the en- 
Iwgement, being very irr^lar in out- 
line, must needs be made considerably 
larger than is actuallj required. At 


the same time, since the jumped mass 
will be of a rudely circular shape, being 
simply an expansion of the shape of 
the bar, a rough outline of the shape 
finally required must l)e imparted to 
the end by hammering, the hammer- ** 
ing and upsetting alternating, so (^t 
the iron, still retaining its heat, is 
hammered approximately level and 
square on four sides, forming a rect- 
angular block or lump at the end of 
the round bar, its extreme dimensions 
being slightly larger than the out and 
out dimensions of the bosses a. By 
this time it will probably have lost 
most of its heat, and will go back to 
the fire to be made nearly as hot as in 
the first place. By means of the fuller 
first and the flatter afterward the 
hollows around the bosses and the 
flats h will be set down, and similarly 
the flats c. The outside rounding of 
the bosses will l)e imparted by cutting 
off a portion of the corners with a hot 
set, then hammering with an ordinary 
hammer, and smoothing off with a top 
swage struck by a sledge. The W'hole 
of the black dimensions will remain 
when finished a trifle over the bright 
finished sizes, to give sufficient allow- 
ance for machining. The rounding off 
at d is first rudely cut with the hot 
set, or with a gouge tool, the heads of 
those tools being struck with the 
sledge. The angularities will be 
beaten down rapidly with the ham- 
mer, and a top and a nicking swage 
with suitable curves be used to impa^ 
a finished outline. 

The bar will now go into the fire 
again, and the heat will be taken over 
it extending from the fork to about 
the centre. A nicking fuller may be 
used to shoulder down the square bar 
to a circular section just wh^ it 
departs from the forked end, or if the 
bar is small it may be simply ham- 
mered at the angles with a hand 
hammer or sledge. When the dia- 
meter is roughly reduced down to the 
required size next the fork, the origmal 
size remaining at the centre, it will be 
readily finished by swaging, the proper 
' allowance being Idt for turning. This 
K 2 
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need not occupy more than one heat. 
The other half of the rod can be 
swaged down in another heat. Then 
there remains the stub end B which 
has to take the strap, and this will be 
jumped up in a short heat similarly 
to the forked end, finished with the 
flatter, and neatly fullered down 
around the neck. 

In this illustration we liave supposed 
the apace between the fork ends to be 
slotted or drilled out of the solid. 
But if the forked ends were so wide 
apart that the slotting or drilling out 
of the interspace would be considered 
a heavy task, or if the end were that 
of a rough lever or pump rod which 
would not pay for machining, the forks 
would be forged as follows ; If the 
width of the bar were less than twice 
the. thickness of each fork, it would 
first require to be jumped up until its 
width were somewhat more than twice 
the thickness — that is to say, if the 
forks were | in. thick, the width of 
the bar should be rather more than 

in., say If in. or 2 in. As before, 
a short heat is then taken, extending 
no further than just beyond the 
shoulder. The flat portion is laid on 
the anvil, and divided through the 
centre with a hot set, cutting first 
from one side, then from the other, 
and meeting in the centre. 

Sometimes a hole is first punched 
at the bottom of the hollow. Once 
divided, it is rcadUy opened out first 
to the V-shape (Fig. 108), then the 
hollow is formed by jumping and ham- 
mering over a bottom fuller of consi- 
derable breadth and depth (Fig. 109), 
sometimes termed a dresser, or joint 
dresser, until a rough outline of the 
bifurcation is obtained. Then the 
more exact outlines and thicknesses 
are given in a second heat by judicious 
hammering, and finishing, partly over 
the dresser, partly on the flat overhang 
of the anvil, if the space between the 
forks is suflScient to permit of this. 
Finally, when the sliaping is done, the 
foifks must be tried for parallelism with 
the axis of the bar, and if out of truth 
they will be set over with the hammer. 


It is easy to see how a difference in 
relative proportions would modify the 
method of snaking which ought to be 
adopted, and since our connecting rod 
is selected, not as of any particular 
size, but illustrative only of different 
methods of forging, we will now make 
it the medium of sundry remarks in 
reference to the practice of welding. 

Upsetting is hard work when the 
quantity of metal to l)e upset is largq, 
and particularly so when done without 
the aid of a monkey, or in the aljsence 
of a massive plate which is frequently 
sunk in the floor for the same purpose. 
Welding is, therefore, much easier in 
certain instances. But the stub end 
B (Fig. 104) is not so much larger than 
the original size of the bar in the 
centre ; therefore we may upset that 
very well. Also, when the sum of the 
widths of the two forks is little more 
than that of the original bar, and the 
forks are forged as in the last example, 
we may accept the jumping up method 
as being practicable. Moreover, in the 
first instance described, we upset the 
bar on the supposition that, though the 
end was solid, it was not of great 
width, and this would also be applic- , 
able to the ends of many light levers. 
But assuming the end were both solid 
and wide, measuring, say, over the 
bosses three or four tipies the diameter 
of the bar in the centre, welding then 
would be preferable because involving 
less labour. i 

When making a weld, there are three 
points to l>e borne in mind : to have a 
joint of sufficient are»i, and in suitable 
direction for liamrnering up ; to have 
the necessary temperature ; and to be 
sure of perfectly clean surfaces. For 
the first condition, a scarf joint, that 
is, one running (hagonally with the 
common axis of the pieces to be shut 
(Fig. 110), is to be preferred, and is, . 
therefore, commonly employed when 
practicable. When a scarf joint cannot 
be used, a veed or cleft joint is suitable. 
When that cannot lie employed, a 
spreading joint, made by fullering down 
a portion of the bar, is resorted to. A 
1 plain butt jofeat, except when the 
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abutting surfaces are of large area, is 
seldom used ; but flat surface shuts 
are common. The temperature f«)r 
welding iron is that just now referred 
to, when the iron begins to sparkle, 
and to drop off in globules. For steel, 
the temperature is lower, barely ap- 
proaching to a white heat. Different 
{jualities of iion and steel recjuire 
(lifferent degrees of heat, and the tem- 
fterature in each case become a matter 
of experience. When the ends to be 
welded are taken from the fire, any 
scale adherent to the surface must be 
dehiched by striking the bar smartly 
on the anvil, joint face downward, or 
by sweeping away the scale with a 
muck brush. If any persistently ad- 
hering scale remains on the faces, the 
shut should not be made. 

Fractures occur sometimes from this 
reason, the weld being perfect near the 
edges, but faulty in the centre. The 
joint surfaces are usually dusted with 
sand, but this is not so essential as it 
is sometimes Btate<i to be, provided the 
scale is removed in the manner stated, 
for numbers of ordinary iron shuts are 
ramie without it. The weld is made 
immediately tliat the faces are brought 
into contact, by rapid liammering, 
every second at the welding heat being 
of vital importance. When closed to- 
gether with the liammer, the joint of 
a good weld should not be visible, the 
presence of a black line indicating that 
the shut is imperfect. If during ham- 
mering the Iwr becomes reduced or 
drawn down below its proper size, dia- 
meter, width, or tliickness, as the case 
may be, it must be slightly jumped up 
to tliicken it sufficiently, an<i then 
swaged circular, or smoothed with the 
flatter. Iron and iron are easily 
welded, so are the milder varieties of 
steel; but some hard and brittle steels 
require tact and practice to weld pro- 
perly, and some, if heated over a cer- 
tain temperature, crumble under the 
hammer. 

In a connecting rod, the cotter way 
in the stub end is usually drilled and 
filed out, but in many mstances cotter 
ways and holqs of other shapes are 


imiiched and drifted, either to save the 
lalwur of drilling previous to fih'ng 
through, or as being suitable enough 
for the purpose which they have to 
fulfil. Before punching,^ the iron is 
brought to a welding heat, or nearly 
so, laid upon the anvil, jind the punch, 
struck with the liammer, is made to 
|)ass lialf way through from one face. 
It is then knocked back, the iron 
turned over and punched from the 
opposite face, the holes meeting, there- 
fore, in the middle or thereabout. 
Then a drift is inserted in the hole, 
and either <lriven half way in from 
each side, or right tlu-ough, according 
to circumstances. While the drift is 
still in place, opportunity is taken of 
giving a rough kind of finish to the ex- 
terior outline. Punches and drifts 
become red hot, and soften and bend 
if they remain more than a few minutes 
in contact with the iron, so that it is 
necessary to remove them once or 
twice from a deep hole and quench 
them in water. Punches and drifts 
are usually picked up with the pliers, 
though the former are sometimes 
finished with withy liandles. They 
are circular, oval, or rectangular in 
section, the difierence being that while 
a punch is tapered, a drift is parallel 
for a considerable portion of its length, 
and tapers only toward the end. 

When bending work, various devices 
are resorted to. A turn-down edge at 
right angles would be bent over the 
edge of the anvil, the flat of the bar 
lying horizontally across the anvil, the 
smitli grasping the tongs, and steadying 
them against his leg to resist the force 
of the endlong blows. The bar is fre- 
(|ueuily nicked across slightly with a 
fuller previous to bending, and the 
fuller, having a circular section, does 
not divide the fibre as a set would do. 
Eyes or rings ore bent around the beak 
of the anvil, whose tapered outline 
permits eyes, rings, loops, and curves 
of many diflerent diameters being bent. 
Fig. Ill shows the method of welding 
a ring and an eye. Rings of large dia- 
meter are finished on the conical man- 
drel (Fig. 112). Small rings are 
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finished on a parallel Iwr or mandrel of 
suitable diameter, the bar remaining in 
place while the outside is finished with 
flatters or swages. When eyes are 
being bent, or other work being per- 
formed on birs of considerable length, 
tltf trouble of suppor'ting the oppo.site 
end is saved by driving a re.st (Fig. 1 1 
into the ground, and placing the bar 
in the hollow. 

When doing forging it is necessary 
to take measurements rapidly — not an 
easy task with hot iron. Hence, 
gauges notched to different sizes are 
made of sheet iron, say | in. thick, 
the size of each notch being stamjMjd 
above it, Fig. 114 Iwing a gauge for 
round, and hYg. lir) one for flat bars. 
(‘ English Meclianic.’) 

Orange .... 2010'’ F. 

Bright orange . . 2190 

White heat . . . 2370 

Bright white heat . 2550 

Welding.— The following abstract 
of a paper by G. Newcombe, the secre- 
tary of the Cleveland Iron Trade Fore- 
men’s Association, will be found a 
valuable addition to the literature of 
the subject. 

Conditions . — Newcombe calls atten- 
tion to the ambiguity of language In 
which the conditions for an effective 
weld are often stated, and introduces 
extracts from some of the latest writers 
on the subject. Edward Williams, at 
the conclusion of a paper “On the 
Manufacture of Rails,” read before 
the Iron and Steel Institute in Sep- 
tember 1869, said welding was the one 
thing needful; and we should never 
lose sight of it. The chance of obtain- 
ing thorough welding would be much 
increased by not insisting on more 
toughness and fibre than is absolutely 
necessary to guard against so much 
brittleness as would bring al)out break- 
ages of the rail in work. In the dis- 
cussion on that paper, Sir William 
Armstrong said that in the manufac- 
tura of guns on the coil system, a per- 
fect welding is just of as much im- 
, portance as it is in the manufacture 
of rails, The conclusion arrived at, 


l)oth at Elswick and Woolwich, was 
this, tliat in proportion as the iron has 
a steely cliaracter, so in proportion is 
it unfavourable for welding. The in- 
dication of its steely character was 
obtained by taking a specimen of iron 
heated to a certain point, and then 
plunging it into w'ater. If its tensile 
strength was found to be increased 
beyond a certain limit, it was rejected 
as unfavourable for welding. The 
iron welds most perfectly whicli under- 
goes no increase of strength in the 
proce.s8 of hardening. Williams, in 
reply to questions, defined good weld- 
ing to l)e a combination of eflects, an 
actual amalgamation of the surfaces, 
and soldering together by means of 
the cinder. In proportion as there is 
more of the absolute contact and loss 
of the soldering, so is welding good, 
and vice versd. Where there is no 
contact of the actual metallic surfaces, 
and nothing but the soldering of the 
layers together by means of the cinder, 
it is poor weliUng ; and it is the jKOTer 
the thicker the cinder. Where you 
have a large proportion of surface 
actually brought in contact with the 
layer next to it, then you have good 
welding. But perfect welding— that 
Is, complete contact of surfaces, or 
anything at all approaching it— is im- 
possible. * • 

Mattieu Williams, in treating on 
lamination and blistering, says that 
when a blacksmith males a weld in a 
common open fire, he throws sand on 
the surface to be joined, the object 
being to flux the scale — that is, to 
convert the oxide into fusible silicate. 
This being done, he brings the fluxed 
surfaces together, and by hammering 
forces out the liquid silicate, and thus 
brings clam surfaces of pure iron to- 
gether, which at a proper heat unite 
perfectly. If he h^ a film of oxide 
between the surfaces it would prevent 
welding. Following up this principle, 
Mattieu Williams obtained from the 
potteries some “ slip," or finely -ground 
flint used in glazing earthenware, 
mixed this with sufficient water to 
form a sort of paint or wlutewashi 
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and with a whitewasher’s brush painted | 
it over tlie surface of the piles on both 
sides of wicli layer. He tfeatod several 
piles of the finest quality of iron in 
this nuinner. Tliey were rolled into 
boiler-plates, none of whicii sliowetl 
any signs of lamination. He believes 
that by tliis meiins lamination may be 
efiectually prevented. 

At. a meetiu.; of the Iron and Steel 
Institute, Richard Howsou, in a paper 
reful before that society, “ On Weld- 
ing Iron,” said that in order to obtain 
complete niehdlic contact, the skill of 
the workman had to be exercised — 1st, 
in heating the iron sufficiently ; 2nd, 
in protecting the surface from oxida- 
tion by means of a flux ; 3rd, in form- 
ing the surfaces in such a way that 
the flux has a means of escape when 
the ends are closed up under the 
hammer. 

Having thus given a risuvii of the j 
late.st theories on tlie subject, New- j 
combe examines them from a privctical i 
stimdfwint, to ascerhun how far they j 
are supported or contradicted by the 
most advanced practice of the day ; 
and ns Howson’s views are of the most 
recent date, and may fairly be sup- 
posed to include much that liad previ- 
ously been said on the subject, he ' 
hikes up the consideration ot his con- 
ditions — first, on the necessity for 
proper heats to secure good welds. 

Ilcatiwj.’—hi point of importance, it 
rightly stands ffirst, for if the primary 
cause of defective welding could be 
traced, its origin would in a majority 
of cases be found in bod heating. 

There is no operation connected with 
smitliing which requires more careful 
handling, or gives more anxiety to the 
smith, than the process of welding, for 
on the successful issue of one weld in 
the manufacture of a single article may 
depend either the success or loss of 
much labour and money. It may 
therefore repay us to examine with 
care the conditions to be observed in 
obtaining a good heat. In the first 
place, the fuel must be as free from 
metallic impurities os possible, espe- 
qially sulphur, as it rSadily combines 


with iron, and with it forms sulphide 
of ii-on, which is naturally detrimental 
to the formation of a good weld ; 2nd, 
by a proper construction of the hearth, 
and arrangement of twyer, to obtain 
the re<iuisite ehemical combination •> 
necessary for a proper combu8tioiv>f 
the fuel for heating purposes. This 
is effected by placing the twyer about 
4 in. below the level of the hearth for 
lighter kinds of work, and 6 to 8 in. 
for heavy kinds. But even with good 
fuel and the arrangement of twyer 
I just b}M)ken of, we may obtain two 
I kinds of heat — viz., a carbonaceous 
(reducing) heat, or an oxidising (des- 
troying) heat ; the carbonaceous is 
I that wliich is required by the smith 
I to reduce his iron to a welding condi- 
' tioii, to obtain which he must main- 
' tain a constant supply of heated fuel 
between his twyer and the iron to be 
heated, and covering it likewise if the 
whole mass is to be heated. The 
chemical action which here takes place 
may be explained thus : The oxygen 
of the air, after passing the twyer, 
comes ill contact with the heated car- 
bon in the fuel ; chemical union then 
takes place ; 1 part of the carbon com- 
bines with 2 of oxygen, forming car- 
bonic acid tliis, in passing tlmough 
the heated fuel above it, takes up an- 
other part of carbon and forms carbonic 
I oxide, wliich is composed of 2 parts 
carlion and 1 oxygen ; and so long as 
this action can be maintained, we have 
a reducing heat suitable for bringing 
iron into the welding state with the 
formation of the least amount of oxide 
on the surfaces of the iron ; and if we 
fail to obtain those conditions, and 
allow the fuel to become deficient hk 
quantity between the twyer and the 
iron when it is in a semi- welding state, 
then we have a chemical action of a 
different kind, for the oxygen then 
being in excess, through a deficiency 
of carbon, readily combines with the 
iron, and forms a cinder or oxide of 
iron. This combination results^ in 
great loss of iron. 

If the destructive effect of oxygen is i 
so apparent on a small sample of 
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an approximate opinion may he formed 
of the great loss resulting from its ac- 
tion on lai^e masses. In proportion as 
we obtain heats, under either of the 
two conditions just named, so shall 
we get good or bad welding. If the 
oflfdising heat has acted on the iron, 
it leaves a film of cinder which is 
difficult to remove, and which prevents 
close metallic contact of the molecules 
neetlful to good welding ; this is often 
apparent in examining large forgings, 
when turned and polished, that have 
been laid together or built up in slalM 
or piles. A dark horizontal line may 
be traced in the forging, which indi- 
cates the junctions of the slabs that 
in heating have been allowed to oxidise, 
perhaps through the furnace being too 
slow in heating, or through the ad- 
mission of too much free oxygen. The 
oxide not being properly expelled 
while under the hammer, the result is 
a defective shaft, the weakness of which 
is soon made apparent if in performing 
its work it is subject to much torsion ; 
whereas, if the mass had been heated 
in a full carbonaceous flame to that 
fine mellow or spongy condition so 
essential to a complete incorporation 
of the molecules, and which renders 
iron as nearly homogeneous as can be 
obtained under the piling system, no 
such thing would happen. 

Fluxes. — He next examines the 
second section of the conditions just 
quoted as necessary to secure good 
welding— viz. protecting the surfaces 
from oxidation by means of a flux. 
The views advanced in this section of 
Howson's argument are so utterly at 
variance with the best practice of 
modem times that Newcombe joins 
issue with him on this subject, as he 
is convinced that it is not necessary to 
use any flux in order to secure a perfect 
weld — that is, if the iron is compara- 
tively firee from carbon, and the proper 
conditions of heating have been ob- 
served. Large masses of scrap are 
w^ed up in foi^es, and smaller sec- 
tions of iron in smithies, without any 
flux. Indeed, the process described 
by the author, of piling and rolling 


large armour-plates at Sheffield, and 
the manner ^adopted at Low Moor in 
manufacturing plates and bars, shows 
that no silica was used as a flux to 
assist the welding, other than that 
which the iron contained when it left 
the puddling furnace ; yet the author 
admits that his samples were os nearly 
homogeneous as it is possible to get 
them without absolutely melting the 
iron. That welding may be effectively 
accomplished without the use of a flux, 
there are few workers in iron prepared 
to dispute ; but as fluxes are used in 
welding, and chiefly by smiths, New- 
combe inquires into tliO cause of their 
adoption. 

The flux chiefly in use is sand ; being 
abundantly found in nature, it is con- 
sequently cheap. It is composed of 
silicon and oxygen, and technically 
known as silica. It readily melts on 
being applied to hot iron ; and it is 
this property, combined with its cheap- 
ness, that accounts for its general use. 
Why is it used ])y the smith ? Because 
in joining two pieces of inin together 
different kinds of splicing or scarfing 
are adopted ; those, or at least the 
most common in use, are of a pointed 
character, and they present an un- 
equal thickness of iron to the action 
of the heat ; and as the point of the 
scarf is farfWt into the fire, and 
through its unequal thickness conducts 
the heat much quicker tlian the heel 
or thick part of the scarf, it conse- 
quently arrives in a welding state first, 
and, if the action of the heat was not 
checked, the point would be burnt 
away before the heel liad arrived at a 
welding state. To prevent this, the 
smith throws on or dips the back of 
the point into the sand ; the sand, on 
coming in contact with the heated iron, 
melts and absorbs so much of the heat 
of the part to which it is applied, and 
on melting becomes vitrifi^. TUs 
glassy silicate readily combines with 
the iron, and forms a covering to the 
part exposed to the heat, and being.of 
a very refractory nature, it is some time 
before it is bum| off the iron. It thus 
protects the iron in its weak or exposed 
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part, while the other or thicker part 
U absorbing the heat and arriving at 
the welding condition. *It is some- 
times used when the iron is on the 
anvil, but only when such iron is over- 
heated, and will not bear hammering. 
A little sand thrown on alworbs the 
heat and restores its cohesive power. 
The smith, in using sand, is always 
careful to keep it from the face of the 
scarf ; he knows from experience tliat 
the cleaner he keeps the two surfaces to 
be welded the closer and more perfect 
will be the weld. This is the legiti- 
mate use of sand in welding; it is 
employed as a chemical agent to pre- 
vent waste of iron, and even in this 
capacity should lie used as sparingly 
as {wssible, for its baneful eflects are 
left Ijehind on the forged articles, 
which, if they have to be either planed 
or turned, present on their surfaces a 
series of knotty or flinty j>oints, which 
blunt the tool and are a source of much 
annoyance to the ofwjrator. 

The use of sand is injurious to iron, 
and though it may be used as an agent 
to prevent waste of iron in some pjir- 
ticular kinds of scarfing, it is not 
essential to sound welding. In support 
of tliis assertion, Newcombe refers to 
the welding of tires for railways and 
tubes for boilers ; both these articles 
are continually, under Inspection for 
the purpose of detecting flaws or un- 
soundness, and they are subjected to 
continual teifkile strain and shocks, 
which tend to develop any flaws or 
unsoundness ; yet how few out of the 
many thousjtnds in use give way at 
the weld, and they are invariably 
welded without any flux l>eiug used. 
Numerous other examples might be 
given of specialities of manufacture 
where the welding is done without any 
flux. 

Selection of Iron . — Before closing 
this subject there is one matter nearly 
connected with welding which has not 
received that careful attention tliat it 
demands, and which future interests 
wiU require — the selecting of iron 
suitable for welding proTCrly together ; 
not that there is any oimculty in weld- 


ing Cleveland iron, for it is remarkable 
for the excellence of that quality, yet 
there are few districts which i)roduce 
iron tliat is more laminated. Perhaps 
this may, in a measure, .be the result 
of the prosiHjrity of the jiastW years, 
which has prevailed in the iron trade, 
when (juantity and not' quality was the 
great desideratum. In welding hard 
and soft irons together, the difficulty 
is to get a heat suitable to lioth, as it 
is difficult to define the exact tempera- 
ture for iron in the welding state, for 
it differs materially according to the 
different degrees of quality of iron. 
The amount of heat wliich a hard pure 
iron would absorb liefore arriving at a 
proper viscous or jiasty condition would 
be sufficient to destroy a soft impure 
iron by burning. Iron may be welded 
at different degrees of heat, varying in 
colour from a greasy yellow up to a 
white heat, and if heated beyond this 
point it becomes burnt, through not 
lieing fusible when in an uncombineti 
state. Heat luis great influence on 
! iron in altering its condition. A high 
heat will cliange a fibrous to a ciystal- 
line iron, whilst a low welding heat 
will allow it to retain its fibrous cha- 
racter. Irons in a welding state pos- 
sess great affinity or attraction for each 
other, and this is manifested in a 
I greater or lesser degree according to 
uniformity of quality. If two pieces of 
iron are laid together in a welding con- 
dition, they readily stick to each other, 
and, if the surfaces are of moderate 
extent, it requires some force to pull 
them asunder. A striking proof of 
this attraction may be seen in any 
forge, ill the piling of very large masses 
of scrap containing thousands of pieces, 
which are heated to a welding state, 
and then brought out of the furnace, 

I and held in suspension by the middle, 
between the points of a pair of tongs, 
and though it may weigh 2 or 3 cwt. 
there is no difficulty in transmitting 
I it from the furnace to the anvil, during 
which time the particles compo^ng 
the mass are held together by atomic 
attraction, but some mechanical force . 
is necessary to bring the particles 
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into closer inetJillic contact. The 
difficulty is not so great in welding 
hard and sf)ft irons together as in 
keeping them together after they are 
wehled. In a sample contiuning five 
ditferent kinds of iron, of varying 
(Wrees of (|uality, the welds, so far as 
cah ho judged from appearance, seem 
to Ix^ perfect, yet if tliis sjimple had 
much work jmt on it, if it were upset 
under the stejiin-hamraer, the harder 
knots would se}«irate from the softer, 
their structur.il forms arc sodilierent. 
The fine crystalline form of the Low 
Moor iron cannot l)e thoroughly incor- 
pomted with the open molecular struc- 
ture of the common Cleveland. Much 
of tke defective welding found in 
Cleveland iron is due to this cause : 
we find on examination a layer of 
crystal and another of fibre in regular 
succession throughout the commoner 
kinds of iron. A low heat is adopted 
in its manufacture, purposely to refedn 
its fibrous character ; the result is the 
lamination spoken of. This evil is 
not confined to the manufacture of 
bars only ; the rail trade has suffered 
from the same cause. Welding, pro- 
perly j)erformed, is neither a soldering 
nor gluing process. Neither of those 
words is applicable to the process. It 
is possible to get a near approach to 
complete metallic contact by welding ; 
but as the conditions are so varied by 
reason of the different chemical com- 
binations in iron, it is impossible, in 
the present state of metallurgical 
science, to lay down any fixed rules ; 
therefore, the skill and observation of 
the workman must supply this want, 
and be constantly directed to those 
affinities and combinations which are 
constantly taking place in all metallur- 
gical operations, under fixed though 
^whaps undefined laws, which govern 
the results, and give go^ or bad work 
in proportion to the extent in which 
they are regarded or neglected. (‘Eng. 
Mech.'.) 

^eUweof Wdding. ^In the address 
of Jbrdan, President of the Soci4t6des 
lugSnieurs, delivered at the annual 
meeting of that society in Paris, a 


novel explanation of the welding of 
iron is ofieretl. Jordan says that weld- 
ing is a phenomenon exactly similar to 
the regelation of water, the phenomena 
of regelation being these, that if two or 
more pieces of ice at a temperature not 
lower than their melting-point, or pre- 
I ferably at a temperature much higher 
I than their melting-point, be pressed 
I together, the liquid water adhering to 
[ their melting surface becomes solid at 
! the places of contact, and the two pieces 
i are refrozen into one. Jordan very 
; aptly illustrates the phenomena of rege- 
I lation by the making of a snowball, 

I telling us that this may be done when 
snow is at a temperature not lower 
than 32^ F. (0°C.). i.c., the freezing- 
I point of water. Every man will re- 
member that when the snow is very 
dry, and the temperature of the air 
below the freezing-point, the snow- 
flakes will not cohere without the aid 
of much pressure and warmth fn)m 
the Imnd, but that with sloppy snow 
during a thaw, one can make a hanl 
ice snowball with ease. Jordan com- 
pares the making of the snowball with 
the w'elding of the iron ball, maintains 
that the processes are identical, and 
applies Sir W. Thomson's explanation 
of regelatjon to the cases of iron and 
platinum welding. 

I It appears th Prof. Mattieu Williams 
I tliat the conditions of solidifieJation in 
I the two cases are not only by no means 
alike, but are diametrically opposite, 
the welding of both iron and platinum 
behig effected at a temperature con- 
siderably below their melting-point, 
while the primary condition for the co- 
hesion of two pieces of ice by regelation 
j is tliat they shall be exposed to a tern- 
j perature alwve, or at least not below, 
j their melting-point. In order that 
regclatiou should be analogous to weld- 
j ing, it should take place at a tempera- 
; ture far below the freezing-point, 
j Now, it is well known that under such 
I circumstances regelation does not 
and cannot occur, and therefore it 
differs essentially and primarily from 
welding. 

If it had been ^covei:ed that two oi 
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more pieces of iron, while in a furnace, j 
raised alM)ve their inoltiiiK-point aiul 
steaminif into fusion, would cohere ' 
when pressed together, anfl that this j 
cohesion resulted from the solidification 
of their liquid surfaces, in spite of the ! 
melting heat of the furnace, we should ' 
liave an analogy with the regelation 
of melting ice, and Jordan’s conclusions 
would Iw justified. Regelation mtjans 
the resolidifying of a liquid, or a special 
cohesion in spite of liquidity ; welding 
means a special cohesion in spite of 
solidity or apparent solidity. If Jor- 
dan had described th<*ni as examples of 
curiously opposite actions, the com- 
[KU’ison would have Imjcu more nearly 
correct. We might jJausibly assume 
that, while the pressing together of two 
pieces of wet ice produces a solidifica- 
tion of the surhice liquid, the pressing 
together of two pieces of heated iron 
has the op{)o.site etlbct of momenhirily 
li(iuefying the surfaces of contact, and 
thereby S(jldering them together. The 
plausibility of this explanation is in- 
creased by the hud that pressure de- 
velops heat, and thus the welding heat 
might at the surface of contact be mo- 
mentarily raised to the fusing-point, i 
and then, on the removal of the i)re8- | 
sure, this liquid film might solidify and ' 
thus produce the welding cohesjon. But 
even this theory is, in Williams's opin- 
ion, too learned. A far 8ira{)ler explana- 
tion may be found, and we must never 
forget that when two or more explana- | 
tioiis equally fit% given set of facts, the I 
simpler is the letter, and usually the 
true one. 

In order to find a true analogy to 
welding, we need go no further than I 
the vulgar “ sticking together ” of two ! 
pieces of cobblers’ wax, pitch, putty or | 
clay. These «re in a viscous or semi- 
fluid condition, and they cohere by an 
action similar to the transfusion or in- 
termingling and uniting of two liquids. 
Iron and platinum pass through a vis- 
cous or pasty stage on their way from 
the solid to the licjuid states, and the 
temperature at which this pasty con- 
dition occurs is the welding heat. 
Other metals are not weldable, i>ecau8e 


they pass too suddenly from the solid 
to the licjuicl condition. Ice, although 
it fuses so slowly, in consequence of 
the great amount of heat rendered 
latent in the act of fusion, passes at 
once from the state of a brittle crystal- 
line solid to that of a perfect Iw^uid. 
It passes throughno intermediate pisty 
stage, and therefore is ‘not welilable, 
or does not cohere like iron, etc., at a 
temperature l)e]ow its fusing-point. 

It is u.sual to cite only iron and pla- 
tinum, or iron, platinum, and gold as 
weldable substances, but this is not 
correct. Leiul should be included as 
a weldable nietid. The two halves of 
a newly-cut lejiden bullet may liemade 
to reunite by j)rcssure, even when 
quite cold. This is obviously due to 
the softness or visco.sity of tliis metal. ‘ 
Outside of the metals there is a multi- 
tude of weldable substances. Glass is 
a typiciil example of these. Its weld- 
ability depends upon the viscosity it 
assumes at a bright-red heat, and the 
glass-maker largely uses this property. 
When he attaches the handle to a 
claret-jug, or joins the stem of a wine- 
glass to its cup, he performs a true 
welding process. 

The chief practical difficulty in weld- 
ing iron arises from the fact that at the 
welding hetit it is liable to oxidation, 
and the oxide of iron is not ^■iscous 
like the metallic iron. To remedy this 
oxidation, the workman uses sand, 
which combines with the oxide and 
forms a fusible silicate. If he is a 
good workman, he does not depend 
U|M)n the solidification of this film of 
silicate, os the adliesion thus obtained 
would he really a soldering with brittle 
glas.'^, and such work would readily se- 
parate when subject to vibratory vio- 
lence. He therefore beats or squeezes 
I the surfaces together with sufficient 
I force to drive out between them all the 
I liquid silicate, and thus he secures a 
j true annealing or actual union of pure 
I metallic surfaces. 

Cast iron or steel containing more 
than 2 per cent, of carbon cannot |;|e 
welded, lie&mse the compound of iron 
with so much carbon is much more 
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fusible than pure iron, or than steel 
with less cwlKin, and it runs more 
suddenly and directly from the solid 
state into that of a liquid, and hence 
presents no workable range of weld- 
able viscosity. (Mattieu Williams, 
‘ Iron. ’) 

Recipes. — Steel.— (1) An excellent 
composition for welding cast-steel is 
prepared by lx)iling together 16 parts 
borax and 1 of sal-ammoniac over a 
slow fire for 1 hour. When cold, 
grind it to powder. The steel must 
then be made as hot as it will conve- 
niently bear, and the composition 
used the same as sand. 

(2) There is one point in welding 
steel which cannot be too strongly 
insisted upon, and that is that the 
pieces, after liaving been brought to 
welding-poiiit, should not be struck 
heavily with the hammer, but only 
tapped lightly at first until they have 
begun to weld ; after that, the sledge 
or steam hammer may be used %ith 
perfect freedom. Another important 
thing in welding steel is the heat. 
While it is impossible to give any speci- 
fic rules on this point, the general rule, 
wtiich will be found to hold good in 
all cases, is not to heat the steel any 
higher tlian is absolutely necessary to 
effect a weld— the higher the steel is 
in carlx>n the lower the heat at which 
it ought to be worked, hence necessi- 
tating heavier liammers— and next, 
not to finish the operation at too low a 
teuiperature. It will be best to work 
the steel as rapidly Jis possible, reheat 
as often as required to prevent working 
or finishing cold, and anneal immeili- 
ately after welding the whole piece — 
not only the immediate vicinity — con- 
taining a weld. The annealing heat 
should always l)e higher than that at 
which the piece was finished. Another 
source of danger to the homogeneity 
of the finished product is to be found 
in cold-stra^htening. The presses in 
many mills are so constructed as to 
exert absolute shearing stresses, and 
ari^ apt to do more harm than any 
subsequent service can do. Cold- 
straightening ' ought to be done at 


black heat, and the local effects of the 
press be modified by distribution over 
a large areai Tliis can l)e accomplished 
by the use of broad oak wedges or the 
insertion of pieces of plank. Gener- 
ally, plates, angles, beams, etc., have 
of necessity to undergo more or less 
hammering in the course of construc- 
tion, and as this produces effects com- 
parable to punching and shearing, 
though in a much less degree, it In- 
comes necessjiry, in steel construction, 
to nuxlify these effects in the same 
way by protecting the metal surface 
with wood, and substituting heaVy 
wooden mallets for sledges. In time, 
the working of steel lu every stage re- 
quires care -and, above all, intelli- 
gence— and the men engaged in it 
must l)e impressed with the necessity 
for careful manipulation and rational 
treatment. Undoubtedly the steel 
•must possess the proper qualities for 
structural purposes in the first place, 
but then it must also be properly 
treated subsequently if it is to bring 
those (jualities into the finished struc- 
ture. (A. Hill). 

(3) Shear and double-shear steel are 
easily welded, and the latter will 
answer almost all the purposes of cast- 
steel. Cast steel, however, is more 
difficult Ibo weld, but it can be done 
by practice. . Care must be taken not 
to heat too hot, or it will fall to pieces 
under the hammer. Use powdered 
borax as a flux. j, 

(4) A mass of ingredients is sold for 
the purpose of welding cast steel, but 
the simplest and best method is, ac- 
cording to the “ llevue Industrielle,” 
the one employed by Fiala, of Prague, 
Bohemia, He uses pulveriBe<l whib 
marble for the purpose. The tw( 
pieces to be welded together are heated 
and, after rolling in marble dust, ar 
promptly joined together, and sub 
jected to a good hammering. 

(5) Cast-steel dan be, and is, success- 
fully welded ; but there is greater 
difficulty in the accomplishment of the 
process than with other kinds of steel, 
and it requires a practical hand to 
make a good ^ob. The precautions 
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necessary to ensure success are as the quality of the iron, and still more 


follows : — Keep it from the air while 
being heated ; heat as quickly as pos- 
sible ; do not make it too hot, or it will 
burn, and * break in pieces when 
hammered— for cast-steel rctjuiros a 
low welding-heat ; strike lightly at 
first, and increase to heavy blows ; 
do not use coals, for they contain sul- | 
phur, and will give the surface of the , 
steel a coating of sulphide of iron ; j 
but use coke, or what smiths term • 
“ breeze," tliat is, coal well burnt and i 
the cinders wathed. Use the follow- ' 
ing flux : — Borax J lb. , washing potash ' 
^ lb., and a small quantity of white 
glass, powdered ; melt together, and 
when cold, pound it. This flux will 
dissolve the oxide that forms. Apply 
some before putting in the fire, to | 
protect surface of work from oxide, 
and apply more at your own discretion. 

If waut^ to weld cast-steel to iron, 
the iron will require a greater heat 
than the steel. 

(6) The sand usually employed must 
be discarded, and borax employed in 
its stead. Some of the cast-steels 
require a still more fusible flux than 
even borax, and sal-ammoniac is 
mingled with it ; 1 of sal-ammoniac 
to 15 or 20 of borax is sufficient. 
The best mode of using boAix is to 
put it in an iron kettle nr ladle over 
the fire, and heat it until it discon- 
tinues to boil up ; when cold, reduce 
it to a powde^ When the steel is 
somewhat heat^, the powdered borax 
is applied, and when again inserted 
in the fire, the heat is raised as high 
as the steel will bear without injury. 
When at the point of fusion, on to the 
anvil with it quickly ; hit it lightly, 
very lightly, at first, till it begins to 
adhere, and increase the force of the 
Wows by degrees. If the joint is not 
satisfactory, try a second heat with 
uiother application of the borax. 

(7) It is well known that in order 
to weld iron in a durable manner its 
surface’ must be free from oxide, wliich | 
formerly could only be effected with a i 
welding heat of 2800° F. Such a high ' 
temperature is, howevtr injurious to ! 


so to that of steel, so that many 
varieties of the latter could not be 
welded in this manner. 

To overcome this difficulty pulverised 
borax is used, which, however, cannot 
be uniformly distributed over the sur- 
face of the iron. Latitte now uses'll 
gauze of very flexible wire, and applies 
the fluxing agent uniformly to both 
sides of the gauze, or also to paper. 

For small surfaces it frequently suf- 
fices to form a leaf from the agglomer- 
ated fluxing agent and filings. Instead 
of covering the two surfaces with 
powder, the wire gauze, which con- 
sists of the same material as the sub- 
stances to be welded, is placed between 
them and welded in. The welding 
takes place at a much lower tempera- 
ture, and the fluxing agent generally 
volatilizes while the wire gauze melts 
and unites with the surface. 

(8) The cheapest flux is a piece of 
soft clay. First get your heats to a 
cherry -red in a clear fire ; then just dip 
in the clay. You will find it form a 
thin coat on the scarf ; then put your 
heats in the fire, and when you see the 
clay run off the point of the scarf, it is 
right to weld ; but be careful not to 
get your heats too hot behind the scarf. 

In shutting your heats, tap them 
lightly till you feel them begin to stick, 
then you can have your hammers down 
on it. 

(9) There are so many grades or 
tempers of cast-steel now in use (from 
steel rails to surgical instruments) that 
there is a great difficulty in under- 
standing what is meant by cast-steel. 

The old system of steel-making was 
the converted or cemented process ; 
the converted bars were welded once 
or twice, then called single or double 
shear-steel, according to treatment re- 
ceived. In the Huntsman or crucible 
process, the converted bars were broken 
up into small pieces and charged into 
crucibles along with oxide of man- 
ganese, etc., and when melted, cast 
into ingots, hence the term cast, <to 
distinguish from shear-steel. We We ^ 
three methods by which cast-steel is 
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produced, i.e., Hessemcr, Siemens, 
and • Huntsman (crucible) processes, 
and the various qualities and tempers 
manufactured by these arc legion. 
Some of these steels will weld without 
any difficulty, and some with only the 
greatest difficulty ; some kinds will 
harden very hard when plunged into 
water at a red heat, and others, when 
subject to the same treatment, will 
bend over and over without showing 
any signs of a fracture, the sudden 
cooling having made no perceptible 
difference ; yet both are cast-steel, and 
probably may have l)een made from 
the same process. Cast-steel rails are 
sold at about 9f. per ton, cast-steel for 
tools at 60^. to 1 40/. per ton. 

(10) Two points must be taken into 
consideration chiefly in effecting the 
welding of steel : it is necessary to 
render the film of oxidised iron on the 
surfaces to l>e united by welding as 
fluid as possible, and some means must 
be found to restore to the steel the 
carbon eliminated during the process of 
heating to the welding temi)erature. 
Accorthng to the“ Revue Industrielle," 
Bust considers boric acid the most 
effectual in performing the former, and 
ferrocyanide of potassium in doing the 
latter. Rust considers the functions 
of the ferrocyanide to be also to restore 
to the steel nitrogen, upon which he 
looks as an important constituent of 
the metal. In 1850 a workman of 
Mulhouse, Alsace, sold the following 
recipe for a welding compound : 6.5 
parts borax, 20 of sal-ammoniac, 10 of 
potassium ferrocyanide, and 5 of colo- 
phony. Rust changed it as follows : 
61 of borax, 17J of sal-ammoniac, 16f 
of ferrocyanide, and 5 of colophony. 
He states that, with the aid of tins 
compound, welding may be accom- 
plished at a yellow-red, or at a tem- 
perature between the yellow-red and 
white, and that no treatment is neces- 
sary after welding. The borax and 
sal-ammoniac are powdered, mixed, 
are slowly heat^* until they melt, 
ting is continuefl until the strong 
odour of ammonia ceases almost en- 
tirely, a snudl quantity of water being 


added to make up for that lost by 
evaporation. The powdered ferro- 
cyanide is 'ihen added, together with 
the colophony, and the heating is con- 
tinued until a slight smell of cyanogen 
is noticed. The mixture is allowed to 
cool by spreading it out in a thin layer. 
During the process given, boric iwid 
and chloride of sodium are formed, am- 
monia being expelled. The same pro- 
duct may therefore be obtained by 
mixing 41*5 f)arts boric acid, 35 of dry 
sodium chloride (salt), 15*5 to 26*7 
of potassium ferrocyanide, 7‘6 of co- 
lophony, and 3 to 5 of dry soda car- 
bonate. The only trouble wdth this 
mixture, which gives the same results, 
is that it decomposes easily, unless it 
is kept in a dry place. 

(11) Broken Spriiv/ Piute . — Get the 
length, and then take the part of 
broken plate which is easiest to handle, 
and upset it suitable for welding. 
Make a piece of iron | in. wide, quite 
thin at one edge, leaving the other 
about f in. thick, something like a 
razor-blade. Take a welding heat on 
the part that has been upset, and weld 
the iron across, having the thick end 
on the point of the plate. Scarf it 
for welding, upset the other part of 
plate, aqd scarf it so that when welding 
the piece of iron comes between the 
two steels. ' In the first heat — it can- 
not be done in one— don’t strike too 
hard at first, and thin down any thick 
edges of the scarfs. *Take a second 
heat, and the result will be, in the 
Irnnds of an average smith, a go(d sound 
weld. If the steel is at all fiery, do 
not attempt to weld it. Should there 
be a hole near the broken place, show- 
ing, on being heated, any sign of a 

! flaw, make a new plate. The piece of 
iron welded between facilitates the 
welding, and also makes up for the 
length lost in jumping. 

(12) Cast’lrm.—The Chinese process 
of welding crocked iron wares by 
cementing them with molten iron is 
thus described : In the case,for example, 
of a cast-iron pan requiring such treat- 

j ment, the oTOrator commences by 
I breaking the edges of the fracture 
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■slightly with a hammer, so as to en- 
large the fissures, after which the 
fractured parts are plac'Cd and hold 
•in their natural positions by means of 
^01)^611 braces ; the i)an being ready, 
'crucibles made of olay are laid in char- 
'coal and ignited in a small portable 
sheet-iron furnace, with 'l)elloW 8 work- 
ing horizontallly. As sooii -as the 
pieces of cast-iron with -w^hidh the 
crucibles were charged are fused, the 
metal is j>()ured on a layer of pcirtly 
charred husk of rough rice, previously 
sf)read on a thickly-doubled cloth, the 
object of this lieing to prevent the 
sudden cooling and liardening of the 
liquid metal. While in the liquid 
state it is (|uickly conveyed to the 
fractured ptirt under the vessel, and 
forced with a jerk into the enlarged 
fissures, while a pa}jer rubier is passed 
over the obtruding licjuid inside of the 
vessel, making a noit, strong, sub- 
stantial, and in every respect thorough 
operation. 




Soap. 

■(/See aho Clkansino, and 
Oils and Fat's.) 

(rt) The following survey of the i/To- 
cesses of soap manufiicture is summar- 
ised from a scries of Cantor lectures, 
delivered by Dr. C. R. Alder Wright, 
F.R.S., before the Royal Society of 
Arts and reprinted by the Society’s 
permission. 

Soaps are substances whose essential 
composition is that soda, or some 
l)ody analogous thereto, is combined 
with an Jicid derived from an oily or 
fatty matter as starting point, forming 

a salt of the nature j^^alka^^^^} 

Natural oils and fats, however, are 
not identical with the “fatty acids” 
derivable from them ; they ore, in 
truth, a sub-class of salts in wliich 
fatty acids are associated not with 
an alkali or corresponding inoiganio 
body analogous thereto, but with 
an organic material to some extent 
analogous to alkalies, but widely dif- 
ferent from them in many other 
respects ; this material is ijlycerin, 
so that the composition of a natural 
oil or fat may (at any rate in the vast 
majority of cases) be expressed by the 
. , (fatty acid) ,. 

symbol | ^qy^enn { corresponding 

with the al.)ove written analogous sym- 

The action of single decomposition 
taking place when soap is generated by 
the chemical reaction of a fat or oil (a 
“ glyceride ”)upon an alkali, may then 
be expressed in the following form : — 

( Fatty ) f fatty ) 

j acid ( + alkali = \ acid [ + glycerin. 

i glycerin) i alkali) 

To this change (as well as to certain 
other analogous ones) is applied the 
term mpmifimtwti,. 

Materials.—Besides the fatty and 
oily matters a large number of other 
analogous substances, derived not only 
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from natural sources, but also from 
various waste products, are employed ' 
in the manufacture of soaps of different 
qualities. As regards vegetable sources 
seeds and nuts (e.g., wheat and oats, ' 
rice and linseed, walnuts, chestnuts, ' 
hazel nuts, and cocoanuts), more 
especially, may. l)e mentioned as more 
or less markedly oleiferous. Those 
substances which contain compara- 
tively large amounts of oil usually 
yield it by simple pressure, or “ex- , 
pressioii,” as, for example, olives, | 
cotton seed, and linseed ; others, such 
as rice, containing ti)o small percentages 
of oily matters to yield them in (quan- 
tity by mechanical agencies only, can 
yet be shown to be cjipable of yielding 
them by treatment with apq5roq)riate 
solvents, caqwble of dissolving out the 
oily matter and leaving the vegetable 
tissues, starchy matters, etc., undis- 
solved. This method of treaitment is 
often used in combination with press- 
ure, the majority of the oil l)eing ex- 
q)rea8ed, and the “marc” or residue 
left being then treated with solvents j 
(such as benzene or bisulphide of | 
carbon) for the purpose of gaining the 
remainder. 

Animal TUsuu are more usually 
“ rendered,” i.e., heated either alone, 
or in contact with water, so that the 
fatty matters may be rendered fluid, 
and (being lighter than water) may be 
skimmed ott’ from the top ; sometimes 
chemical agents are also employed for 
the purpose of decomi»osing the tissues 
in which the fat is embodied. 

Alkalies . — As regards the sources 
from which alkalies are derived, 
the residue left on incineration of sea- 
weed, and barilla^ the similar ash of 
“8alsoda,”and otW analogous plants 
were for a long time the chief sources 
of soda, thus leading to the use of the 
term marine alkali,” as applied to 
this substance ; but, during the last 
^tury or so, the production of soda 
fmm these sources has gradually de- 
clined, salt being convert into alkali 
b^means A a series of processes essen- 
consisting of treatment withsul- 
piiuric acid, and heating the resulting 


“ salt-cake ” with small coal and chalk 
or limestone, finally separating the 
soluble alkali from insoluble calcareous 
matter, etc. , by means of water. Of 
late years a simpler method (the “ am- 
monia process”) has superseded this 
“Leblanc” or saltcake process to a 
large extent, the essential feature in 
the ammonia system being the treat- 
ment of salt in watery solution with 
ammonia and carbonic acid gas under 
pressure. 

Potash. —Somewhat similar remarks 
apply to potash. For a long period 
i\m substance was obtained in a more 
or less impure form by treating the 
ashes of burnt wood, etc., with 
water, and evaporating down ttieclari- 
I fied solution obtained, thus obtaining 
j “potashes,” which, when refined, gave 
, the purer and whiter material, “ pearl- 
I ash ” ; but latterly large deposits of a 
I mineral analogous to rock salt, but 
containing the metal potassium instead 
j of sodium, have been largely worked 
into the alkali potash by a method 
substantially the same in principle as 
the Leblanc” process used in the 
soda manufacture. Some amount of 
potash also is now obtained by the 
calcination of '"suint,” or the greasy 
matters washed out of raw wool before 
spinning ^nd weaving into cloth. 

Potash soaps are usually consider- 
ably softer in consistency than soda 
soaps made from the same materials, 
j more especially when, certain “fish 
oils” or “drying oils" are largely 
I used in the manul^ture ; accordingly, 

I soaps are in practice divided into two 
classes, viz., soft soaps, which mainly 
contain potash, and hard soaps, chiefly 
containing soda as the constituent 
I alkali. The great majority of toilet 
soaps belong to the latter ^vision ; a 
few toilet creams and shaving soap 
pastes, etc,, however, fall into the 
former class. 

Aminonia is but little employed as 
a constituent of soap proper as used 
for toilet purposes, although various 
processes have been patented involving 
the intermixture of ammonia, with 
potash or sodaOsoape, for the purpose 
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of increasing dctergence, or of obtiiin- i 
ing otlier rml or supposed udvantfigcs. j 
The chief sources of aijimonia em- 
ployed industn'ally are the liquors ; 
(mixed with tar) obtained by the j 
action of heat upon cojil, shale, Inmes, ; 
and other allied organic matters ; and 
inoT-e osf)ecially the “ gas liquor ” re- j 
suiting from the distillation of coal in i 
ordinary gasiuaking. From such 
liquors pure solution of ammonia, or 
“spirit of hartshorn,” is obbiined by 
the use of ajipropriate puriliciition 
methods ; when brought into contact 
with the various fatty acids in a just 
molten condition, and well incor[)or- 
ated therewith by meelianical agitation, 
solution of ammonia combines with 
the acids forming “ammonia soa|)s” 
of perfectly delinite cliarocter, but 
considerably more prone to decompo- 
sition tlian the soups of the fixed 
alkalies, potash and soda. In presence 
of a slight excess of ammonia, they 
usually dissolve completely in cold 
water, forming solutions that froth 
and lather precisely as ordinary soda 
soaps ; but on boiling the solution 
ammonia is given off, and a residue of I 
fatty acid combined with little or no | 
ammonia is loft. The siune result is i 
brought about more slowly at ordinary ! 
temperatures. When an ammonia i 
soap is allowed to stand under a bell- 
jar along with a dish of sulphuric acid 
(to absorb water aiul ammonia given 
off), ammonia is rapidly lost, until the 
amount left equals one-half tliatchemi- ! 
cally equivalent to the soda present j 
in neutral soda soap from the same i 
fatty acid; the “diacid .salt” thus 
obtmned usually loses ammonia on i 
further standing, but far less rapidly ! 
than the original neutral salt ; the 
diacid ammonia salts of stearic and 
lauric acids (the leading constituents 
of tallow and cocoa-oil respectively) 
appear to be considerably less unstable 
under these conditions than those of 
oleic and ricinoleic acids (from olive 
and castor oils respectively). 

ProcesBes. — The processes in 
actual UBe for the manufacture of soap 
on the large scale are tqjerably numer- 


ous as regards the number of mo<iifi- 
cations in general debul rendered 
necessary or convenient in certain 
Ciises ; but as regards tlicir general 
principles they may be conveniently 
ranked in four lejiding classes or 
group.><, viz. : — 

Unmp J - Processes .in which fafty 
acid.s (or fatty and resinous acids) in 
the free .vtate are directly neutralised 
uith alkalies (carbonated or caustic) 
so as to form soaps necessarily devoid 
of glycerin as a primary constituent. 

Grovp /y.— Processes in which the 
fatty glycerides are treated with alka- 
lies in sucli a fashion as to saponify 
them, forming suaj) and setting free 
glycerin, the arrangements licing such 
that these two complimentary pro- 
ducts arc not sejwated from one 
! another, but remain permanently inter- 
mixed. 

(Jrouf III . — Processes in which 
fatty glycerides are saponified by alka- 
lies in such a way that the soap and 
glycerin foriiied are separated from 
one another during manufacture so as 
ultimately to jmxluce soaps devoid of 
glycerin as an intermixed constituent. 

(frwtp /r.—T*rocesscs virtually con- 
sisting of combinations of methods of 
some or all of the preceding types. 

Besides these leading methocls, how- 
ever, there are numerous suljsidiary 
procciises, through wliich soaps made 
in accordance with one or more of 
these methods are subsequently put, 
either separately or jointly^ for the 
purpose of finally obtaining improved 
finished products in the form of cakes 
or tablets for toilet use. 

First Group. — As regards the 
methods of soap mouufactiire placed 
in the first group, it may be noticed 
tliat whereas formerly carlxjnat^ 
alkalies were mainly usetl for the pur- 
pose of acting upon oleic acid sq, as to 
form soap, their use is at present much 
less frequent, iHJcause the saving in 
cost effected by dispensing with the 
process of causticising the alkali is 
I now so small (thanks to improvements 
I in alkali manufacture), as not to 
counterbalance several disadvantages 
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attending their employment, mainly | 
on account of the frotliing brought i 
about by the liberation of carbonic ^ 
acid gas. For preparing hard oleic i 
acid soaps by means of soda, the plant 
ordinarily employed consists of a steam* i 
jacketted pan, provided with an effi- 
cl&nt agitator, such as one consisting 
of two sets of vertical vanes moving 
in opposite directions, in such wise 
that the vanes of the two sets inter- 
lace in passing each other. The oleic 
add is run into the pan, and heated 
up by admitting steam into the jacket ; ' 
the alkaline lye (usually also heated) 
is then run in gradually with con- 
tinued agitation, its strength and < 
quantity being so related that the i 
mass finally resulting after the opera- 
tion is completed is not too moist to 
set into a compact mass on cooling, 
and BO that, whilst the oleic acid is 
completely converted into oleate of 
soda, there is not any considerable 
excess of alkali present; a sensitive 
tongue being usually the means of 
jud^ng adopted, and a little more 
oleic acid or soda lye being added, ! 
according as the mass contains too j 
much or too little caustic alkali in i 
excess to produce the desired “ bite ” , 
or “ touch ” when the mass is tasted. 

When carbonated alkali is used, as 
in what is known as “Morfit’s Pro- 
cess,” the pan is usually provided with 
a “ curb,” a sort of hoop or funnel 
affixed temporarily to the top, to avoid 
overflow during the foaming up caused 
by the disengagement of carbonic acid, 
which takes place in accordance with 
the reaction, precisely similar to that 




ensuing when vinegar is poured upon 
natron. 

Some manufacturers prefer to boil 
the oleic acid with weaker lyes, more 
or.less causticised, and generally con- 
tming an admixture of salt, such as | 
the liquid obtained by causticising 
with quicklime commercial 48 per ' 


cent, soda ash,” a product which con- 
tains about 10 per cent, of common 
salt (and other saline impurities). 
When the soap is partially formed, it 
becomes more or less insoluble in the 
briny aqueous liquor (especially an 
addition of more salt), so that this 
latter separates on standing ; this 
“ spent lye ” being then run off, more 
soda lye is added, and thelnjiling con- 
tinue<l, and so on in much the wiine 
way as that adopted in the saponifica- 
tion of ordinary fats and oils by pro- 
cesses of the third group, which will 
be referred to by and by. ‘ In many 
cases the oleic acid is not used alone, 
but admixed with other various fats, 
etc. ; sometimes an oleic resin soap is 
prepared by treating oleic acid and 
resin mixed together with caustic 
alkali, or by separately combining them 
with the alkali and mixing the pro- 
ducts. In tliis case the compound of 
resin acids and alkali is prepared by 
heating together the resin and caustic 
alkaline lye until complete combination 
has taken place, the process being 
effected in much the same way as in 
the case of oleic acid directly treated 
with strong lyes, and not salted out 
in any way. For effecting the inter- 
mixture a peculiar kind of agitator is 
often usSd, known as “ Morfit’s steam 
twirl,” consisting of a kind of rotary 
paddle fixed inside t^e pan, and made 
up of a long convolu^ tulie, with 
perforations at inteiyals along its 
length. This tubular stirrer is con- 
nected, by means of a hollow spindle, 
with the steam boiler, so that, when 
desired, steam can be admitted inside 
of it ; in this way, not only is the 
agitator itself always kept hot by the 
steam, but further continuous jets of 
steam are made to issue through the 
perforations, so that rapid heating and 
most effective intermixture of the 
contents of the pan are brought about ; 
when resin and soda lyes containing 
10 or more parts of anhydrous soda 
(Na^O) per 100 of resin are thus inter* 
mixed, the product is a more or less 
alkaline jelly-like material consisting 
of the 80 ^ sdla of i/he resinous acids, 
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and more akin in physical texture to 
potawli Hoaps than to ordinary hard 
goapw, i»ut callable of blending with 
these latter, ho as to form the various 
“ yellow soaps *’ of commerce, of which 
the “ primrose ” varieties (made from 
the palest “ window-glass ” resin) are 
the most esteemed. 

Another substance analogous to 
oleic acid is frequently employed in 
the same way, to form soaps by direct 
neutralisation with alkali, viz., the 
“grease” recovered from the waste 
soapy liquors from dyeworks, calico 
printing, and the like ; tins recovered 
grease is usually obtained in the form 
of a mixture of free fatty acids with 
more or less colouring matter and 
other impurities, being produced 
either by addition of sulphuric acid to 
^ the soapy fluids, whereby the soap is 
decomposed, and the fatty acids lilier- 
ated float up to the top, or by forming 
a lime soa[) by addition of calcareous 
compounds, which lime soap is subse- 
quently decomposed by a mineral acid. 
'As a rule, this kind of grease is utterly 
unsuited from its colour and disagi-ee- 
able odour for the manufacture of 
the better class of toilet soaps, even 
after as complete bleaching and de- 
odorisation as can be all jcted ; but it 
is often worked up into inferior kinds 
of “brown Windsoi* and similar 
brown soaps, to whicli nitrobenzene or 
other powerful cheap scenting mate- 
lials are added, for the purpose of 
overpowering the unpleasant odour 
due to the fatty matters. Much the 
same remarks apply to a somewhat 
lesser extent to oleic acid soaps ; un- 
less the acid is purified by rwlistilla- 
tion and other modes of treatment, 
the soap made from it is liable to bo 
too much coloured to be made into 
any other kind of toilet soap than 
“brown Windsor” and analogous 
varieties, whilst a peculiar faint sickly 
odour is liaiJe to be present, requiring 
moderately strong scents to be added 
for the purpose of disguising it. 

Seoor^ Orovp. — This group of pro- 
cesses may be conveniently subdivided 
into three classes, adording as the 


operation is carried out at a compara- 
tively low temperature (so called 
“ cold ” processes), at a boiling tem- 
jwrature without extra pressure, or at 
a still higher temperature under in- 
creased pressure. 

For the manufacture of soaps by t|ie 
“ cold ” process only the simplest ap- 
pliances are requisite, which is one of 
the reasons why this process is so largely 
employed by perfumers and others 
who prejjare their “stock” soaps 
themselves on a relatively small scale. 
A pan provided with an agitator is, in 
point of fact, the only indispensable 
piece of apparatus ; the fatty matter 
heated to fusion being incorporated 
with the alkaline lyes in the pan, and 
the thoroughly mixed pasty mass being 
then turned out into frames, where 
the saponification is spontaneously 
completed. When moderately large 
quantities of fatty matters (a couple of 
tons or BO at a time) are to be treated, 
a “ Hawes ” boiler is conveniently 
used, consisting of an ordinary hori- 
zontal cylindrical boiler, with a shaft 
running tliruugh its axis, and provided 
with vanes, so that, by turning the 
shaft, the materials inside the boiler 
are kept well agitated and intermixed. 
In order to produce a finished product 
not containing too large a proportion of 
water, concentrated lyes must be used; 
thus, to make a soap containing not 
more than some 25 per cent, of w'ater, 
there must be used for 200 ports of 
fatty matter some 100 parts of soda 
lye, containing about 23 per cent, of 
anhydrous soda (Na,0) and about 75 
per cent, of water, including that 
present combined with the soda as 
caustic soda or sodium hydroxide 
(NaOH, or otherwise NojO, H,0):* 
such so^ lye has a specific gravity of 
about 1*36 to 1’36 (near 37°-^8° 
Baum6). Soda lye of tliis strength 
only saponifies tallow and various othn* 
kinds of fatty matter with difficulty, 

• The remalDlng 2 per cent, being eallne 
Imparities, such as obloilde and aalphateetf 
Bodluoi. Tbls repretients a iidriy pure com- 
mercial caustio aoda ; bnt artlolea of still , 
greater parity are in the market. 
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weaker lyes being much more effective 
in such cases, although lyes of this 
strength (or something approacliing 
thereto) are most suitable for rapidly 
acting on other classes of fatty matter, 
, more especially castor oil and cocojmut 
o^ It hence often results that j)er- 
fumer’s toilet soaps made by the cold 
process are not thoroughly sjijxmifietl, 
fatty matter not acted upon, and the 
corresponding quantity of uncomhined 
caustic alkali being simultaneously 
present ; this latter constituent, if 
present in any quantity, renders such 
soap most objectionable and deleteri- 
ous to use for persons possessing tender 
skins, or for infants or others whose 
skins are apt to excoriate and chafe, 
or cliap readily. Of late yefirs, pro- 
cesses for making soap at home have 
been advocated on the ground of econ- 
omy, kitchen fat and waste grease 
being saved, and when a suBicient 
quantity lias accumulated, this is 
melted and strained clear, and then 
well intermixed with a soda lye pre- 
pared by dissolving powdered caustic 
soda in a certain quantity of warm 
water, the mixture being covered up 
to keep in the heat, and allowed to 
stand. The soap thus prepared almost 
invariably possesses the fault alluded 
to, i.e., the saponification is incomplete, 
so that fat umicted upon and uncom- 
bined caustic soda are simultaneously 
present ; in consequence, such soap, 
although possibly very suitable for 
scrubbing floors, or even for laundry 
operations, can by no means be recom- 
mended for toilet purposes. 

In the manufacture of soft soaps 
and marine soaps (soaps chiefly made 
from cocoanut oil, and possessing the 
property of lathering with sea water), 
the appliances used essentially consist 
of a .pan or copper, provided with a 
steam worm or coil of pipe connected 
with the boiler in such fashion that 
steam passed through the worm will 
heat up the contents of the copper. 
Frequently two worms are provided, 
dSe with perforations, so that jets of 
steam con^ually pass up through the 
mass of soap when the connection 


with the Innler is open, so as to IkuI 
up the contents of the copper with 
“wet” steam; the other without 
perforations, but connected with a 
.super-heater, or high-pressure boilei-, 
so as to give the meaiih of attaining 
a higher temperature than 1 00 C. 
without blowing stciiin directly into 
or through the m.iss, anil thus of 
evaj)orating water 1)3’ means of “ dry ” 

} st&im. A curb to ])T*ovei]t frothing 
over, and a “fan” to break hubbies 
and froth, aie also useful adjuncts. 
Tlie latter consists of a vane revolving 
on a vertical axis, and a<ljustable at 
different elevations as required on that 
axis, so that it win be eifide to revolve 
at any desired horizonbil level inside 
the copper, or altogether removed 
therefrom. The method of working 
varies somewhat in different factories, 
in some wises the whole of the oil or 
fatty matter to be saponified being 
introduced into the copper, and the 
alkaline lye then run in in portions at 
a time, and boiled up with wet steam 
after each addition ; in others, the 
oil and alkali being both introduced 
in portions at a time. When saponi- 
fication is complete, the mass is boiled 
down, so as to evaporate water by 
means of the dry steam coils. In the 
case of “ marine ” soaps, an addition 
of salt or brine, to give increased hard- 
ness, or of silicate of 'soda, to increase 
the detergent action, or of Iwth to- 
gether, is usually madp by crutcliing 
in the materials to be incorporated 
before framing or whilst in the frame ; 
soaps thus treated, however, are by no 
means desirable materials for toilet 
use, either alone or as constituents in 
a blended mass, on account of their 
alkalinity ; they are, however, occa- 
sionally used. 

Soaps made under pressure, when 
of good quality, are to some extent 
used as “stock” soaps, i.e., as the 
basis of toilet soaps prepared therefrom 
by refining or blending together, or 
otherwise treating to improve the 
quality. The plant used in their 
manufacture essentially consists of a 
pressure boilei^ into which the lyes 
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and fatty matter are introduced, the 
temperature being then raised until 
the requisite pressure • is attained 
(which varies with the fatty matters, 
being the greater the less easily saponi- 
fied). In Dunn’s method of working, 
conifKirativcly low pressures are em- 
ployed (20 lb. to 65 lb.), the soda 
lyes being causticised before use ; in 
Dennett and Gibbs’ method, carbon- 
ated alkali is used in conjunction with 
mucJi higher pressures (15 to 20atmo- 
sj)hcres), the materials being continu- 
ously ])umped ill at one end of the 
lujiler, and emerging as finished soap, 
ready to put in the frames, at the 
other end, and lieing continuously 
agitfited whilst pjissing through. 

Third Grwqt . — In order to prepare 
soap on the large scale adopted by 
“soap boilers” cmphiying the third 
class of process, in wliich glycerin is 
scpirated from the sofip during manu- 
facture, much the same kinds of pans I 
and steam-pipes are employetl as those ' 
above descrilied, saving that their 
dimensions are usually materially 
greater ; thus coppers capable of 
holding 30 to 40 tons, and even more, 
of soap at one operation, are not in- 
frequently used. The products thus 
formed may Iw classified into three 
groups, respectively onrd, fitted and 
mott/cd soaps ; up to a certain extent 
the process of {irejiariiig all three kinds 
is the same, the main difterences Isiing 
in the later st.iges. The fatty matter 
to bo saponifietl is heated together with 
caustic lye of sp. gr. 1*05 to 1*09, in 
quantity not <juite sufficient to pro- 
duce complete saponification, weaker 
lye being used at first, and stronger 
being gradually added as the operation 
progresses ; the effect of this is to 
“kill ” the fatty matters or “goods,” 
i.e., to convert them into a kind of 
emulsion iK>t containing any visible 
grease. After tliis t)peration has pro- 
ceeded to the requisite extent, a cer- 
tain pro])ortion of salt (or brine) is 
added, wliich causes a separation to 
take place Iwtween the imperfect soap 
formed and the brine produced by 
the solution of the *8alt, the latter 


sinking to the bottom and retaining 
in solution the glycerin formed dur- 
ing the saj)onification ; this brine is 
then pumped away by means of a 
pump connected with the base of 
the pan, and the partially finished, 
soap Ixjiled up again with strongerjye 
so as to complete the saponification. 
For curd soaps this operation is con- 
tinued, using the closed steam coils, 
until by evajioratioii the soap acquires 
a jK'cuIkr consistency, the lyes running 
away from the curd on standing, owing 
to the insolubility of sotip in moderately 
strong alkaline lyes, just as it is in- 
soluble in brine ; the curd is then 
allowwl to stand awhile, and finally 
ladled or pumped out into the cooling 
frames (boxes of wood or iron capable 
of being taken to pieces, and held to- 
gether with nuts and screws), in wliich 
it concretes on cooling and standing, 
forming solid blocks which are subse- 
(lucntly cut up into slabs some 2J to 
3 inches in tliickncss, these being 
again cut into Iwrs weighing some 3 lb, 
ea(;h. According to the length of 
time during which tiie boiling has been 
continued, and according to the amount 
of evaporation that has taken place, 
so is the (|uautity of water associatetl 
with the resulting curd soap variable 
iHjtweeii the hrnits of 20 and 46 per 
cent. ; when comparatively weak lyes 
run away from the curd at the close, 
the soap is more moist than when the 
final lyes are stronger ; in any case a 
certain amount of alkaline lye is apt 
to remain disseminated through the 
mass, although the majority of such 
entangled fluid separates to the bottom 
of the cooling frames and runs away 
tlirough perforations for the purpose ; 
the presence of this lye renders un- 
refined curd soaps somewhat alkaline, 
and hence less fitted for toilet use than 
for laundry operations. In order to 
avoid this, when requisite, the curd is 
boiled up more than once with weaker 
lyes, or with weak brine alone, so as 
to wash out the entangled caustic 
solution, the lye that sepirates after 
each boil up l)eing run off ; notwith- 
standing, notable amounts of caustic 
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alkali and cliloride of sodium are often 
present in curd soaps, due to incom- 
plete separation of lye. Recently, a 
patent has been taken out for the more 
complete removal of lye by means of 
'a centrifugal machine in which the 
pacty curd is placed, and it is claimed 
that almost entire removal of lyes am 
thus be effected with })roper care ; the 
same result, however, is more fre- 
quently obtained by “ liquefying ” the 
soap, or “fitting” it, which operation 
essentuilly consists in thinning the 
soap to a great extent with weak lyes 
or water ({)artly derived from the 
steam condensed in heating up with 
wet steam after partial c(K)ling down), 
Iwiling up, and then allowing to stand 
for a long time, when the mass sepa- 
rates into three layers, viz., a frothy 
scum, or “fob,” on the top, and at 
the Iwttom an aqueous mass contain- 
ing iron (from the pans) and other 
impurities, which, l)eing heavier, sepa- 
rate on standing, and lieing usually 
very dark coloured (especially when 
soda lyes are used containing small 
quantities of sulphide) are known as 
“negur,” or “nigre”; the central 
portion, or ‘ ‘ neat soap ” is almost 
devoid of free alkali from admixed lyes 
and is usually colourless, or nearly so ; 
after removing the fob, the neat ^p 
is carefully ladled or pumped off* into 
the cooling frames without disturbing 
the nigre, which is utilised in the pro- 
duction of mottled soap or other more 
coloured varieties. The fitted soap 
thus obtained always contains a con- 
siderable amount of water (usually not 
far from 33 per cent.) when undried 
storage, whilst cunl soap that has 
been boiled on strong lye contains 
considerably less (some 20 per cent, or 
thereabouts) ; the precise amount of 
associated water depending on the way 
in which the final boil is effected, and 
the amount of evaporation taking place 
therein when dry steam is used. The 
term “fitting,” strictly speaking, re- 
h||«8 rather to the production of a 
mass of a certain appearance* or con- 
sistency than to the actual degree of 
purification effected, although the two 


are intimately associated ; thus the 
soap is said to be of a “ fine ” or 
“coarse ” fitf, acording to the amount 
of dilution, aud consequent separation 
of impurities, which accompanies the 
development of peculiar degrees of 
consistency, judged of in practice by 
taking up of a iX)rtion of the mass on 
a trowel and noticing how it slides off 
therefrom, its api)earance as it cools, 
and so on. 

When a curd soap is made fn)m 
materials tliat yield, Inside soda soap, 
an admixture of coloured matters de- 
riveti from impurities (iron soap, alu- 
mina soap, ferruginous matters from 
the pan, sulphide of iron, etc.), the 
character of the cooled mass varies 
notably with the amount t)f water 
present ; if much water Ixj present, an 
action goes on in the cooling frames 
analogous to that biking place in the 
fitting operation during the subse(j[uent 
standing, i.e., the coloured heavier 
impurities more or less completely 
sink to the bottom as a dark coloured 
layer ; but if the quantity of water be 
not in excess of a certain amount, and 
the rate of cooliiig bo properlv ad- 
justed, the matters do not subside, 
but simply segregate themselves into 
veins irregularly distributed through- 
out the mass, leaving comparatively 
uncoloured soap as the matrix in which 
the veins run. When cut across, such 
a soap accordingly shows a marbled or 
mottled appearance, ^’ormerly this 
appearance was considered a guarantee 
of quality, i.e., it intimated that the 
amount of water present did not 
exceed a certain amount (some 20-26 
per cent.) ; and inasmuch as “ mottled 
soaps” for this reason acquired a 
reputation, it became customary to 
enhance the mottle by purposely 
adding colouring matter, and more 
especially either iron oxide or solution 
of sulphate of iron, which, becoming 
decomposed by the soap, ultimately 
formed ferruginous insoluble matteni 
in the mass. “ Castile ” soap, thuiS 
prepared from olive oil, acoordintjly 
long enjoyed a high reputation, partly 
on account of*the nature of the qu 
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used in its production, pwtly from the i 
existence of the mottle in it. Nowa- | 
days, however, such “appearances are i 
deceptive ” to a h%h degree ; a large I 
amount of misdirected ingenuity has j 
been brought to bear, not only on the j 
substitution of cheaper oils for olive | 
oil (a substitution not necessarily in- i 
volving a depreciation in the useful | 
qualities of the soap), but also in in- 
venting methods of manipulation, by 
means of which a mottled apf)earance 
can }»e communicated, notwithstand- 
ing that the amount of water present 
very largely exceeds that compatible 
with the old-fasliioned natural mottle. 
These methods essentially consist in 
|)artially cooling down the watered 
soap, and when it has gained a par- 
ticular consistency owing to thickening 
whilst ernding, stirring in the pigment 
intended to produce the mottle, the 
segregation into veins then going on 
during the further cooling and solidi- 
fying, just as in the true mottled 
soaps, wliich were etjually tliickened 
at much higher temperatures owing 
to the smaller amount of water j 
present. i 

Fourth The principal class 

of manufacturers’ soaps coming under 
this head consist of resin soaps, pre- | 
pared by intermixing witlk a boiled j 
tallow or other soap of the curd variety 
the resin soap obtained by boiling 1 
together soda lyes and resin ; the ' 
crude product thus obtained is almost 
invariably “ fitted ” as above described ^ 
before framing. Many of the resin 
soaps in use, however, are prepared by j 
acting with alkaline lyes simidtan^ously 
on fatty matters and resin, so that the 
sajwnification of the glycerides and the 
direct saturation of the resin acids go 
on side by side. 

Kesin soaps prepared in one or other 
of these ways are largely used as in- 
gredients in blended toilet soaps, a 
more ready degree of lathering, greater 
toughness and less liability to crack in 
stamping being thus gained. Some of 
the best of the cheaper class of so-called 
toilet soaps are simply fitted resin 
soaps of a good ^ade (preferably 


“ primrose ” * made with the lightest 
coloured resin) cut to shape, partially 
dried, and stamped either with or 
without the previous addition of essen- 
tial oils, etc., to scent the mass.f 
The coarser and darker resin soaps, 
however, being usually made from'" 
much lower qualities of fatty materiOilB 
(horse grease, kitchen fat, and similar 
Itjw-class greJises), are not to be recom- 
mended for application to the skin, 
although they are actually used to a 
large extent in the production of soaps 
which, being tinted brown, do not re- 
quire the finer kinds of fats and oils in 
their preparation, so far as colour is 
I concerned ; whilst being strongly 
scented (usually with cheap essential 
oils or “ mirbane ”) the more or less 
pronounced disagreeable odour due to 
the coarse fats is practically disguised, 
at any rate for a time, 
j Toilet Soaps.— As regards the 
manufacture of toilet soap in general, 

■ thesubject may be conveniently treated 
J under the following heads : — 

I. Preparation of Soaps by Cold 
Procems. — (a) Opaque soaps. (6) 
Transi>arent sojips not prepared bydis-* 
solving stock soaps in spirit. 

II. Munv/acturc of . Transparent 
S(Mip8 from Stock Soaps by Treatment 
mth Spirit. 

III. Preparation of Soaps by Re- 
meltimj. — (a) Processes of re-melting 
single kinds or blends, (ft) Incorpo- 
ration of ingredients for improving 
quality or giving special properties, 

IV. Machinery and Appliances em- 
ployed in the Preparation of Bars and 
Tabkts.—d^a) Manufacture of “milled " 
soap. (6) Appliances used in the for- 
mation of tablets from blocks of molten 
soap. 

Cold Processes . — (a) Opaqac Soaps, 
On account of the simplicity of the 

• In some districts the term •‘primrose *’ is 
applied, not as m the south of England to a 
light-coloured tallow-resin fitted soap contain- 
ing some M3 per cent, of water, but to a dis- 
tinctly inferior heavily-watered article. 

; t Resin.eitheralone, or previoasly dissolved 
. in glycerin, is sometimes added to soap-msAes 
I fur tlie preparation of particular varieties of 
toilet Bixaps. 
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plant required for the manufacture of 
toilet soaps by processes of this class, 
these methods have long been em- 
ployed by perfumers and others, 
making comparatively high priced 
soaps on a scale small as compircd 
with that adopted in large soap-boiling 
eltablishments. 

In the prepjiration of perfumes by 
the process known as enfivuraije, cakes 
of prepared fatty matters, and in some 
cases oils, are made to al)sorb the 
volatile odorous matters given off frt)ra 
delicately scented flowers, by exposing 
the cakes or oils to a gentle current 
of air passing through or over a mass 
of the flowers to be treated ; or, in the 
older way of working, by making a 
pile of alternate layers of flower petals 
and cakes and allowing to stand for a 
day or two, during which time the 
volatile essential oils of the flowers are 
to a large extent alworbed by the 
cakes, when the pile is taken asunder 
and the exhausted flowers replaced by 
a fresh batch, and so on until the 
cakes are impregnated with flower 
scents to the required extent. By 
macerating in alcohol the cjikcs thus 
scented, or by agiteting them there- 
with, the essential oils are again largely 
dissolved out from the cakes of fatty 
matter or the liquid oils thus treated, 
protlucing flower essences used by the 
perfumer in compouu<liiig Ins various 
scents and perfumes, and leaving 
behind the fatty or oily matter in- 
soluble in spirit. Tliis uiidissolved 
substance, being necessarily composed 
of fats and oils exhibiting the least 
possible tendency to become rancid 
(which, should it occur, would more 
or less deteriorate the essence ulti- 
mately prepared), is a most eligible 
mateml for the preparation of a high- 
class soap, the more so as a certain 
amount of delicate perfume is always 
retained ; and accordingly the manuflac- 
ture of soap therefrom by a cold pro- 
cess (so as to avoid dissipating and 
deteriorating perfume as far as pos- 
sikfe). is a branch business often 
cultivated ,hy the perfumer. Unfor- 
tunately, necessity of the case 


prohibiting the application of a high 
temperature, incomplete saponifiaition 
(causing simultaneous presence of free 
alkali and fatty matters not acted 
upon) is often exhibited by such soaps ; 
and when the greivsiness thus produced 
is avoided, it is usually only eliected 
I by tlie emjdoyrncnt of a considembly 
I larger proportion of alkali than that 
! cliemicfilly equivalent to the fatty 
' glycerides used ; so tliat, in any CJise, 

1 a notable amount of free alkali is more 
often presfiiit than not. 

The amount of liigh-class fatty and 
oily matter obtfiined as residues from 
flower essenee prepirations being abso- 
lutely only small in amount, these 
, materials are usually supplemented 
I with analogous substances of the ordi- 
nary type, such as sweet almond oil, 

, cL'irified beef marrow, refined lard and 
■ the like ; often these materials alone 
are employed. The fatty matters of 
selected qualities are first melted 
together and strained clear if neces- 
sary ; then about half tlie alkaline lye 
[ (sometimes caustic soda only, but often 
a mixture of caustic soda with a smaller 
ijuantity of caustic potash) is gradually 
a<lded with continual stirring, and the 
whole thoroughly well intermixed ; 
the remainder of the ’ lye is then 
gradually added with continual agita- 
tion, the temperature not Ijcing allowed 
! to rise too high (usually not beyond 
I about 65° C.) ; after which the soap is 
I run into cooling frames much smaller 
; in dimensions than those ordinarily 
i employed by the boiler of household 
. soaps, covered up, and allowed to 
I stand : usually, the temperature rises 
somewhat spontaneously, owing to the 
development of heat as the saponifica- 
tion progresses. Various tinting mate- 
rials and perfumes are usually added, 
preferably at os late a period as pos- 
sible consistent with the possibility of 
complete intermixture with the mass. 
Some makers reverse this mode of 
procedure, the whole of the lye being 
placed in a suitable vessel provided 
with an agitator, and warmed, after 
which the melt^ fatty matters ore 
gradually adde^and thoroughly inoor- 
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porated. In order to obtain a result- 
ing product of proper consistency, 
lyes must be used of sijch strength 
that the total mass does not coutiiin 
more than about 25 per cent, of water ; 
this is effected by using for 100 parts 
of fatty matter alwut 50 jmrts of lye 
sp. gr. 1 • 35 (near to 37° liaume) ; such 
lye, if made from tolenibly pure 
caustic soda, free from any consider- 
able amounts of chloride and sulphate, 
contains about 2^1 to 24 per c-ent, of 
actual anhydrous soda (NajO), and 
al)Out 75 per cent, of water (including 
that combined with tlie soda as hy- 
droxide of sodium) ; so that alwut 
11 *5 iwrts of anhydrous soda are em- 
ployed per 100 of original fatty matters. 
If cocoanut oil (finest quality) be used 
as a jwrtion of the fatty acid mixture, 
as is often the case with French toilet 
soaps, a larger proportion of soda is 
requisite to bring about complete 
saponification without introducing too 
large an excess of alkali than is per- 
missible with fatty matters mainly 
consisting of stearine and oleine, on 
account of the much lower mean 
eciuivalent of the fatty acids contained 
therein ; pure stearine theoretically 
requires 10’ 45 pirts of anhydrous soda 
for perfect saponification, and pure 
oleine 10-52 parts, whilst Yalniitine 
requires 11-64, and cocoanut oil from 
14-5 to 15 parts. 

The great fault of all processes of 
this class is that on account of the 
varying amounts of impurity apt to 
lie present in the alkali used, and of 
the different equivalents of the-various 
fatty acids contained in the material, 
it is almost impossible to rely vpon 
obtainiry products of coractly the same 
character by adheriuy to any routine 
method of procedure ; if certain propor- 
tions are fixed upon as giving a gotid 
yield on the average, some batches are 
liable to contain an excess of alkali to 
an objectionable extent, and others to 
contain un8a{)onified fat on account 
of tlie presence of too little actual 
caustic soda in the lyes used to efiect 
sa{K)nificaiion ; these defects being 
quite apart f^m tke circumstance 


tliat it is by no means uncommon to 
find that unsajiouified fat and free 
alkali are simultaneously present, 
owing to incomplete reaction between 
the materials employed ; for which 
reasons soaps prei>ared by boiling and 
subsequent purifiaition by fitting, or 
other equivalent i)roces8eH, are greatly 
to be preferred to soaps made by the 
cold process. 

(5) Transparent Soaps made by Cold 
Processes. — It has long been known 
that when tallow or other analogous 
soaps are dried and dissolved in alco- 
hol, the solution obtained when evapo- 
rated leaves the soap l)ehind as a trans- 
lucent mass ; the peculiar molecular 
constitution of soap, as thus obtained, 
is s})ontaneou8ly assumed to a greater 
or lesser extent by certain kinds of 
soap when prepared by the cold pro- 
cess, notably in the case of castor-oil 
soda soap. Addition of a little spirit 
of wine, or of more glycerin than is 
formed during the saponification, 
greatly facilitates the production of this 
“colloid” form of soap, whilst the 
same result is also brought about by 
the incorporation with the mass of 
sugar, and to some extent of other 
Bulwtances, notably petroleum. To 
80 great an extent is this result effected 
when a considerable amount of sugar 
is added (15 to 30 per cent.) that 
under suitable conditions tallow may 
be largely incorporated with the mass 
of fatty matter used, without inter- 
fering w-ith the transparency, provided 
that the saponification is carried out in 
such a manner as to be complete, i.e., 
that no unsaponified stearic glyceride 
remains in the product, othenvise 
muddiness or spottiness is apt to re- 
sult. In order to make sure that all 
the fatty matters employed are actually 
sjiponified, it is usual in this country 
to add a quantity of caustic soda solu- 
tion, notably in excess of that chemi- 
cally equivalent to the fatty acids, the 
excess as found by analysis of many 
kinds of commercial products of British 
<*rigin usually varying from about ^to 
I (15 to 25 percent.) of the soda actu- 
ally present in the form of soap. 
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II . — Tramparmt Soaps^rmdr from 
Stock Soaps by Solution in B^ing 
Spirit . — It has long been known that 
ordinary household soaps, when more 
or less deprived of water and dissolved 
in strong spirit of wine, are thus sepa- 
' rated to a great extent from saline 
matters, such a? sulphate and carbonate 
of soda ; so that the solution thus ob- 
tained usually contains a less amount 
of free alkali relatively to the actual 
soap present than was originally 
present ; and, further, tlwit the alco- 
holic solution thus obtained furnishes 
by distilling off the spirit a mass of 
purified soap which is more or less 
clear and translucent after standing 
until the hvst traces of spirit have 
almost completely evaporated. Ac- 
cordingly such purified soaps, made 
from first-class fatty matters in the 
first instance, have long enjoyed a de- 
servedly high reputation as toilet 
soaps, not only on account of their 
ffieasing appearance (especially when 
judiciously tinted), but also on account 
of their freedom from irritating action 
on sensitive skins through the absence 
of free alkali in any notable quantity. 
Further, an admixture of purified gly- 
cerin with the mass has long l^n 
known as improving the soap, not only 
by aiding the transparency, but also 
by rendering the mass more bland and 
emollient in use ; whilst certain kinds 
of resin, or of resin andglycerin jointly, i 
alho produce much the same effect, j 
From the point of view of the 
method of manufacture, the class of i 
soaps now under consideration is quite I 
distinct from those varieties of “cold ! 
process” soaps which are rendered 
transparent by the intermixture of 
alcohol with the mass at a certain 
stage of the operation, although the 
physical effect upon the resulting soap 
is much the same in each case, a 
colloid modification being thereby 
generated. In particular the cold 
process transparent soaps are practi- 
cally (though not necessarily and un- 
iwaidably) always intensely alkaline ; j 
whilst the true spirit-made transparent I 
soaps now under discussion are (when ' 


properly prepared) practically neutral, 
partly because tiiey are usually made 
from fitted ^oaps containing little or 
no free alkali, and partly because the 
solution in alcohol eliminates alkaline 
salts to a very large extent, if not en- 
tirely, should they have been present 
in the original stock. 

During the process of solution, which 
is effected in a covered vessel forming 
a kind of still, the alcohol vapour given 
off is condensed by a worm, either 
running back to the dissolving vessel, 
or being kept apart. It is stated that 
crude methylated spirit, when first 
used for thus dissolving soap, furnislies 
a much less unpleasantly smelling dis- 
tillate, and a similar improvement 
takes place at each subsequent time 
of using, so that ultimately a spirit is 
obtain^ nearly free from the rankness 
of the original substance, and conse-^ 
quently capable of giving U much* 
^tter product, especWly if employed 
to dissolve a better class of stock soap. 
If a transparent soap containing a high 
percentage of soap is required, it is 
indispensable that the residue left in 
: the still, after distilling off as much 
I spirit as possible, should be exposed 
I to slightly warm air for a lengthened 
period, in order to allow of the removal 
by evaporation of the last portions of 
alcohol and water (the latter being 
mainly that originally contained in the 
stock soap, which, though usually 
shaved and dried as subsequently 
described in the case of milled soaps, 
is rarely rendered actually anhydrous 
before treatment). Complete trans- 
parency, in fact, is not shown by the 
^ raw prtkluct, which is usually very 
j lumldy until clarified by long standing 
and evapt)ration of alcohol, etc. The 
development of [lerfect clearness is 
consitlerably facilitated by the presence 
of glycerin or cane sugar to the extent 
of some 10 to 16 per cent. ; resin 
soaps, other things being equal, usually 
yield clearer pri^ucts than soaps not 
containing resin. A good ‘ ‘ primrose ” 
soap thus clarified and rendered trans* 
parent by solution in alcohol, fumishM 
a product veryi little coloui^, about 
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the tint of very li^ht golden sherry ; 
most of the transparent soap of tMs 
class as sold, however, is njuch darker, 
probably from the use of cheaper and 
darker stock soaps, or from the de- 
velopment of colour either by altera- 
tion of certain constituents in impure 
alcohol, or by the action of air upon 
the original stock soap, causing brown- 
ing. in order to obtain a product of 
uniform ap|>eanincc, the lighter 
coloured batches csui be deepened in 
tone by addition of caramel or other 
convenient soluble colouring matter. 

III . — Rvniehni S<Hips. — (a) A con- 
siderable fraction of the various toilet 
soiips of British make are prepared by 
blending together different varieties, 
by the simple process of remelting 
them together in a fian provided with 
a steam jacket. Sometimes the bars 
to lie melted are arranged vertically or 
horizontally around the sides of the 
pan, in which a little water is first 
placed to avoid drying, and are left to 
themselves to soften and run down 
gradually, more being similarly added 
from time to time, and the whole mass 
‘being finally well intermixed by stii*- 
ring or “crutching" by hand, and 
then cast in frames of smaller dimen- 
sions than those usually employed by 
the 8o)ip-lx)iler ; in otlier cases, the 
pans are provided with mechanical 
stirring or crutching arrangements, 
worked either continuously or inter- 
mittently ; sometimes, to facilitate 
the fusion, the bars of soap employed 
are reduced to chips or shavings by 
means of a kind of plane worked by 
hand, or by a rotating blade affixetl to 
a disc, and acting on the same principle. 
Certain practical minutia) require to 
be carefully attended to, in order to 
obtain a good result with certain kinds 
of soaps, more especially when several 
varieties are to be blended together ; 
thus, if the heating be carried on too 
long, in certain cases the mass thickens 
in consistency, not merely from drying 
by evaporation, but also iu conse- 
quence of a physical alteration in tex- 
ture ; if too much agitated, especially 
with a rotary stirrer, tliere is a liability 


to incorjKirate air bubbles with the 
mass, rendering it vesicular and spon^', 
w’hich is apt to deteriorate the finish 
of the tablets ultimately formed, 
although it communicates to them 
the convenient property of not sinking 
in water, so tliat when in use, the 
tablet does not subside .to the bottdln 
of the liath or liasin, but floats. If 
incompletely heated or stirred, small 
masses of unfused soap are dissemi- 
nated throughout the w'hole like plums 
in a |)udding, giving a spotted and 
H|X5ckIed ap{)earance, especially when 
colouring matters are mlded so as to 
tint the soap. Such colouring matters, 
when added in the form of pigments, 
require to l)c thoroughly ground and 
levigated, so Jis to reduce them to im- 
paljNtblc j)o\vdor, otherwise they are 
apt to render tiic soap gritty ; when 
soluble colours arc used, they may 
conveniently be previously dissolved 
in some appropriate menstruum, such 
as alcohol or a Iwiling aciueous solution 
of soap. Pigments containing poison- 
ous metals, especially mercury, lead, 
arsenic, and copj)er, should be care- 
fully avoided ; for although the pre- 
sence of small quantities'of insoluble 
compounds of these metals in the 
lather produced during use is not likely 
to alfcet |)ersons with healthy skins, 
there is a possibility, in certain cases, 
of injurious action ; and all such con- 
tingencies, even though very remote, 
should be avoided in a high-class 
article. At the present day, however, 
vermilion, red lead, and analogous 
poisonous metallic pigments of this 
class, are freipiently used, principally 
Iwcause soaps thus tinted will bear 
exposure to ‘ light without fading, 
whilst if organic (natural or artificial) 
iion-poisonous colours be employed, 
there is freiiuently a great liability to 
bleaching of the colour by exposure to 
light, for example, in a shop window. «, 
(b) It is obvious that the process, of 
remelting and blending together vari- 
ous kinds of stock soaps is. not capable 
per fie of diminishing ^the average 
amount of free alkali present in the 
materials ; but by the addition of 
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suitiiblo ingredients to the mass, more the free alkali by neutralisation, there 
or less coinjilete removal of free alkali l»eing no constituent capable of so 
may lie brought about. In certain acting in the colouring matters used, 
cases this result is to some extent | Metallic salts, other than those of 
eifected by incorporating with the j iron, have usually the disadvantage, 
mass a small percentage either of resin not only of introilucing into tlie com- 
(alouc or dissoh ed in glycerin), or oleic I jxisition metallic substances often of 
acid, or even palm oil or other easily 1 an objectionable character, but also 
saponifiable glyceride, a jmrtial saponi- ; (like iron) of developing more or less 
fication then taking place, so that the i marked colour in the mass, so as to 
excess of alkali becomes more or less j interfei e with the production either 
neutralised by combination with fatty j of untinted jiroducts or of tablets 
or resinous acids ; but these methods i tinted to fancy ; it is evident tliat if 
are by no means universally api)licable | instead of a met.illic oxide remaining 
with advantage, although in certain ' iierrnanently in the mass, there couhl 
cases they are liighly convenient, more | lie dcvelojied a volatile substance re- 
especially for scouring soaps used in ’ movable by evaporation, these objec- 
certain industrial processes in comiec- , tions would be obviatetl, wliilst the 
tion with textile fabrics. Boric acid j advantage of neutralisation of excess 
has also been employed for the pur- | of alkali would be retained. Such a 
pose, the product of its combination result I have recently found to be 
with the excess of scxla (Iwrax) Iwing brought alK)ut by the employment of 
well known as a useful variety of a sitlt of ammonia (such as the cldorido 
detergent analogous to silicate and or sulphate) which, ^^'hen incorporated 
aluminate of soda, more es|>ecially in 1 with the soap in quantity chemically 
soaps intended for the laundry, Iwrax ' equivalent to the amount of free alkali 
being reputed to have a whitening to be eliminated (a proportit)?! retwlily 
action on linen, etc., cleansed there- ascertidnable by analysis of the mate- 
with ; whether it is of e<iual advanbigc I rials), gives rise to the production of 
when applied to the human skin, how- \ a neutral alkaline wilt by the reaction 
ever, may well be doubted. j of the ammoniacal salt on the free 

Certain metallic salts, notably sul- i alkali, and of free ammonia mixed 
phate of iron, liave for many years with nJbre or less carbonate of am- 
been used as an admixture in various * monia (acconling as the free alkali 
highly esteemed soaps, their action j was caustic or carbonated), which 
partly consisting in neutralisation of i latter compounds evaprate and are 
free alkali by combination therewith I removed, partly at the moment of 
of the acid of the metallic salt, whilst j intermixture, but more especially 
the metallic oxide is set free and serves i during the subsequent mechanical 
as a colouring matter ; thus “ Castile " | processes through which the soap has 
soap of the old fashioned kind (a far : to l»e jmt in order to ])rej)are finished 
superior article to much now sold j Ublets, the slabs, liars, and jiartly 
under that name) is produced by add- 1 formed tfiblets, etc. , being necessarily 
ing sulphate of iron to the curd, so cxjiosed to the air for drying and 
that some of the free alkali becomes hanleiiing before the finished tablets 
converted into sulphate of soda, whilst are fit for boxing and sending into 

the oxide of iron formed as comple- the market, during which period prac- 

’ mentary product ultimately gives rise tically all the ammonia and carbonate 
to the peculiar mottle cliaracteristic j of ammonia evaprate. Even should 
of that kind of soap. Of course the i traces of ammonia be retained, tliey 

modern mottles formed by incorfxinit- ' are of no practical conRe<{uence, inas- 

fhg oxide of'iron as such, or analogous much as this form of alkali, as is well 
pigments, are incapable of producing known, is compratively destitute of 
any action ot the nature of diminishing the corrosive iction on animal Ussues 
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exerted })y the fixed alkalies- potjish, 
and esjHJtdally soda — whence the use 
of ammoiiiiMsil fluids in certain stages 
of the woollen industries where fixed 
alkalies would seriously injure the 
fabrics. Accordingly the patented j 
processes founded on these observa- 
tions allbrd a sinijile and convenient 
method of getting rid of that hHe voire 
of the toilet soap reiiner, the uncom- 
bined alkali naturally present in the 
stock soaps employed by him as re- 
ceived from the soap boiler and whole- 
sale manufacture. Obviously the 
de-alkalisation by this ])rocess (jjinalso 
Iw carried out in the pre|wration of 
the stock 80 <i}>s themselves. 

Filling. — The various bodies thus 
added naturally fall into three classes, 
viz. , (1) substances wliich are jwlded in 
small quantity, not as “filling,” but 
in order to improve the (|uality, and 
which actually do fjroduce that result 
to a grefiter (»r lesser extent, without 
introducing any serious counterlalan- 
ciug injury to the product as a whole ; 
(2) substatices added in quantity as 
“filling,” but not producing any 
serious injury by their own nature ; 
and (3) bodies distinctly objectionable 
in their nature when intermixed with 
soaps intended for habitual everyday 
use by the general f)ublic, find not 
under sjKJcial medical fidvice. 

Amongst bodies of the first class 
may be mentioned certain finely- 
powdered roots, etc., (r.r/., orris), used 
as perfuming agents, vasdiw, spm/ta- 
ccti, hce^wix, ozokerite, and anahjgous 
sulwtances sometimes employed for 
the purpose of developing a bland 
emollient kind of feeling in use. Gly- 
cerin, either in the quantity formed by 
the natural saponification of glycerides 
(as in the cold process), or added in 
addition hj a further extent, may also 
be fairly ranked amongst these sub- 
stances, i.e., when employed in a suffi- 
ciently pure state. 

Amongst the substances of the 
second class which can hardly be re- 
garded as absolutely injurious, although 
their presence is at least of doubtful 
benefit, may be noticeeP the following, 


W'hen jwldcd in such quantities as to 
act its “ filling” or cheapening agents : 
Oatviettl , jlmir, (fluten, ncldtin, dextrin, 
hran, storehes of various kinds, pow- 
dered and French chUk,* china 

chty, pipeclay, and fuller's earth ; and ,, 
purified jtctraleum (in transprent 
soaps). 

The following substiinces may be 
named os materials belonging to the 
third chiss, i.e., substances used for 
incorporation with so-called “ toilet ” 
soaps, the absence of winch would be 
far preferable to their presence, no 
benefit of any kind, but distinctly the 
reverse, accruing to a tender skin ft-om 
their employment : Sawdust, and looody 
tissues not in implpble powder, sawt, 
pumice stone, and yritty vuitters of all 
kinds, unrefined petrdevm and shale 
oils, crude coal ajid wood tars, naphtha- 
line, creosote, anti analogous coo^ tar 
oils,\ and, par excellence, alkaline salts * 

* Sometimes these roaierials arc stinvd up 
with water to a thin paste, which is run into 
the remeited soap ami weli incorporated by 
criitching, the final product being sold to a 
croduloua public as “ milk ” hoap ' When dla- 
Bolved in hot water, and the liquid ailowe^l to 
Bland, the white clayey intermi.\ed matter 
BUhsides, and is readily diBcoruible 

t A large variety of “ medicatt'd " soaps, 
containing inure or Uas considerable quantitl)>s 
of BUbBtaiices referable to tlie diHinfectaut 
class, are in the market. In a large numlx'r 
of cases, the amount of medicating material 
thus incorporated (thymol, t4>rebenc, eucalyp- 
tus oil, oxidised turpentine oils, camphor and 
similar materials) is so small relatively to the 
mass of soap us to have little more influence 
on the qiiBllties of the whole than the essential 
oils, etc., used as perfumes. Such s«aps, when 
otherwise of goixl quality (by no means invari- 
ably the case), may uenerally be used fur hdlet 
purposes with safety, even by persons posses- 
sing pretty sensitive skins ; but w ben any con- 
siderable quantity of a powerful agent (such 
as carbolic acid, or coal-tar oils containing it) 
is present, such soaps should only be us^ by 
tender-skinned individuals under tnedical 
advice. In certain cas<>B, tbe impregnation of 
soap with drugs (such as mercurial prepara- 
tions) forms a most convenient wav or exhibit- ■ 
ing the latter to patients requiring them: on 
tbe other band, various soaps exist which claim 
to contain curative agents not really present 
at all— «.p., sulphur. The use of powerlbl 
disinfecting ^oaps In sick chambers and for 
nurses, for washing linen, furniture, etc., in 
case of Illness, and similar purpoi>es, is, of 
I coarse, an entirely diflerent thing ftaax the 
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of all kinds, especially pearlasth, soda 
crystals^ and sUkatc of soda. Any 
large admixture of neutral salts, such 
as sulphates and chlorides (several per 
cents.), added as hardening iigcnts to 
hide watering, is also to be deprecated, 
tjie more so as they usually acwmpany 
the use of inferior materials in the first 
place. 

Milled Soaps. — It lias long been 
known to perfumers and others work- 
ing on a small scale, that by well 
pounding in a mortar soaps m^e by 
the cold process a thorough intermix- 
ture is effected, and in some cases a 
peculiar texture, or pearly scaly ap- 
pearance, becomes developed. Of late 
years these operations, formerly carried 
out laboriously by hand labour, have | 
been effected by machinery ; and the 
result of successive improvements in 
this direction has been finally to de- 
velop a system of manufacture possess- 
ing a number of advantages, one of the 
moat salient of which is that being 
carried out without heating the soap 
to any marked extent, the most deli- 
cate flower essences, made by enfimr- 
age, can be incorporated with soap in 
this way without deterioration of per- 
fume, such- as would inevitably result 
were these scents employed in connec- 
tion with molten soap. Another ad- 
vantage is, that the mechanical crush- 
ing and intermixing effected by a proper 
“ mill” causes soap that has been arti- 
ficially dried to some extent since 
manufacture to acquire a certain degree 
of plasticity, so as to enable it to be 
moulded into shape, somewhat as stale 
hardened glaziers’ putty can be made 
plastic again by “working” it for some 
time ; so that, in the end, the result 
is the production of tablets containing 
smaller amounts of moisture than those 
formed by remelting processes, and 
oonseqqently not requiring any long 

bsMtoal employment under ordinary condi- 
tions of sncb iioaps Ibr the usual personal abln- 
tkaa; bat it may well be doubted, even In 
time'eaMS, whether It would not be preferable 
to UM ordinary soap, and simply dissolve tlie 
disloftctlng material to the r quired extent in 
the water Ofi^loyed. 


exposure to warm air to dry and harden 
them before Iwxing for sale. 

The manufacture of “milled” soaps, 
is usually carried out by chipping up 
into shavings the bars of “stock” 
soaps used its basis, and subjecting the 
chippings to the drying action of a 
current of warm air for some nours, a 
series of latticed trays (or witli jierfo- 
rated bottoms) being employed to liold 
j the shavings, arranged vertically one 
I above the other in a drying chamber, 

I and slkling in grooves in tlie walls, so 
I as to be re^ly inserted or withdrawn 
at pleasure. At the base of the 
chamber hot water or steam pipes run 
so as to create an upward current of 
warmed air passing though the masses 
of shavings piled up on the trays, fresh 
air being Emitted at the bottom. 
Sometimes the chamber is fitted, not 
with steam or water pipes, but with a 
subsidiary heating vessel consisting of 
a convoluted steam pipe arranged in- 
side a wider tube tlirough which a 
currect of air is made to pass, pro- 
pelled by a blowing engine, a fan, or 
falling water, or aspirat^ through by 
connecting the upper part of the dry- 
ing chamber with a chimney or steam' 
draft. 

The slicing up of the soap is usually 
effected liy a machine, consisting of one 
or more blades, set like the cutting 
iron of a plane radially along a disc 
(precisely as in certain forms of house- 
hold vegetable sheers). Sometimes all 
the soap is dried down to the required 
point ; sometimes part is pretty 
thoroughly dried, and the rest used 
undried. The sheers are placed in a 
hopper, which gradually delivers them 
between two horizontal rollers nearly 
in contact (preferably of granite), 
arranged somewhat after the ^shion of 
a large coffee-mill ; the gearing, how- 
ever, is so arranged that one of these 
rollers (No. 2) rotates faster the 
other (No. 1), so that the soap shoes 
are not merely crushed in passing 
between the rollers, but are also sub- 
jected to a rubbing action. In conscr- 
quence, the partially crushed material 
^eres by pilferenoe to the roller 
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moving with greater speed (No. 2), and 
is carried along with that roller for a- 
half revolution or thereabouts, when 
it finds itself between roller No. 2 and 
another similar one (No. 3) moving still 
faster. In consequence, another 
crushing and rubbing action is set up 
(the distance lietween the rollers being 
suitably adjusted), and the material 
becomes transferred to No. 3 roller. 
Sometimes a fourth roller, moving still 
^ter, is employed, and even a fifth 
on the same principle. Whatever the 
number of rollers, the film of thick 
doughy soap paste adhering to the last 
roller is scraped off* by two sets of 
doctors with alternately placed scrapers, 
so as to deliver the scrapings into a box 
in the form of pasty ribbons some half- 
inch wide. These ribbons are then 
transferred back to the original hopper, 
and the intermixture and crushing re- 
peated, colouring matter, scents, and 
other ingredients being added and 
intermix^ ad lihitvm during the mill- 
ing. Usually the materials pass tliree 
or four times successively, or even 
more often, through the inill before 
they are ground to a perfectly uniform 
paste ; a certain amount of warmth is 
communicated to the mass by the fric- 
tion and crushing, which heat must 
not be allowed to rise to too high an 
extent. 

The ribbons finally obtained are next 
transferred to a machine, by means of 
which they are compressed and sliaped 
into bars, which operation is known as 
‘ ‘ plotting ” Two principal 

classes of macliines are used for this 
purpose ; one essentially consists of an 
engine cylinder filled with the ribbons, 
which compressed by means of a 
hydraulic ram,* and finally “squirted” 
out through a nozzle of such dimensions 
and sliape as may be requisite to form 
a bar of the desired cross-section ; 
ibuch as lead and “ compo ” tubes for 
gas and water supply are manufactured, 

* In the older forms of << cannon ” machine 
a powerful iorew, worked by steam, Is used to 
Minate the piston which compresses the rib- 
bons into a aolid mass, and ejects them as a 
oompttct bar. ' 


I except that nocooling'of the emerging 
mass is required. The other kind of 
machine is a modification of the well- 
known “pug-mill” used in the pottery 
manufacture, consistiug of a powerful 
horizontal conical screw fitting pretty 
closely into a conical barrel, with ^ 
hopper at the top of the wider end. 
As the screw revolves, the ribbons fall 
down from the hopper and are caught 
in the thread of the screw, issuing 
under greatly increased pressure owing 
to the conicality. At the narrow end 
of the conical barrel the mass passes 
through a plate perforated with a large 
number of holes, so that it emerges 
therefrom as anunil^rof parallel ro^: 
the vis a teryo causes these to weld 
thoroughly together, and to pass 
through a tapering mouthpiece fur- 
nished at the exit end with a die, or 
stout metal plate perforated witli an 
orifice of the dimensions of the cross- 
section of the bar ultimately required 
(t.c., round, oval, square, rectangular, 
or otherwise as desi]^). Finally, the 
bars are cut up transversely into blocks, 
which are stamped into tablets, and 
boxed for sale after a certain amount 
of standing, with exposure to air, to 
harden, and such dressing and polish* 
ing, etc., as may be required to give a 
nice “finish,” 

When required to produce a soap 
free from uncombined fixed alkali from 
stock soaps containing “free alkali,” 
this may be efiected in the mill, in ac- 
cordance with the patented process re- 
ferred to in a former lecture, by adding 
to the shavings, before their f^t pas- 
sage through, an amount of an ammo- 
ni^ salt (such as the chloride oy 
sulphate) equivalent to the aven^ 
free alkaji in the stock, preferably d^- 
Bolved in as little warm water as possi- 
ble. During the successive grindings, 
theammonia and carbonate of ammonia 
formed during the neutralisation of 
the free alkali become practically all 
removed by evaporation, wliioh rmdily 
takes place from the tliin^ ribbons 
scraped off by the doctors. * * 

Tablets.—- The bars produced by 
the plotting machines above described 
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simply want cutting into suitable 
lengths, and allowing to shvnd awhile, 
to be rcafly for the stamping operation 
which converts the pieces into tablets. 
For this purpose, machines are em- 
ployed in which the block of soap (pre- 
viously lubricated slightly with oil, 
glycerin, odourless petroleum, gum 
water, such as that made by adding 
water to “ slippery elm,” or other ana- 
logous substances) is compressed 
between a {)air of dies, fitting within a 
ring or box, which determines the size 
of the tablet. A large variety of 
stamping machines for this purpose 
exist ; in most, the impression is given 
by impact (as in stamping medals and 
coins), the dies being actuated by a 
lever, or combination of levers, a cam, 
a powerful screw, or other suitable 
mechanical arrangement, such that a 
considerable pressure is given for the 
instant, and intensified by the momen- 
tum of heavy moving parts. In some 
machines, the upper die driven after 
the fashion of a pile driver ; in others, 
a powerful pressure is developed by 
hydraulic agency. A succession of 
blows is sometimes desirable ; some- 
times the tablets are shaped by means 
of blank dies, and then dried awhile, 
and subsequently stamped again with 
the final dies, cut so as to give the 
proper impression. For light work, a 
press worked by the foot or hand 
suffices ; for other kinds, stamps 
driven by steam power are required. 

In the case of remelted soaps, and 
cold process or other varieties neces- 
sarily cast into blocks, the preparation 
of b^ from the cooled blocks requires 
to be performed previously to cutting 
and stuping into tablets. The oldest 
and simplest method of procedure con- 
sists in drawing a thin wire, provided 
with handles at the ends, tlirough the 
block horizontally, the operation being 
usually carried out by two men to- 
gether, the exact line of cutting being 
previously marked out on the block ; 
the slabs thus prepared are then cut 
^p into bars, either in the same way, 
or by a hand-machine carrying a wire, 
which slices- off at each stroke a por- 


tion of the slab, forming a bar, the 
width of which is regulatetl by a gauge. 
A variety ,of slabbing and Wring 
luichines are in use for carrying out 
these operations more rapidly and 
effectively when large quantities have 
to Iw dealt with, as in the manufacture 
of houseliold soaps ; for the most jNirt 
these consist of a travelling platform, 
on which the mass of soap rests, and 
by means of which the soap is pro- 
pelled against one or more strained 
wires, so that, as the soap travels, the 
wire cuts it into slabs or slices. In 
some machines, two sets of wires are 
used ; one a series of parallel vertical 
wires, the other a similar series ar- 
ranged horizontally, so that one motion 
of the travelling platform effects the 
division of a block into slal)8, and also 
of each of these slabs into bars. These 
methods of cutting up ultimately 
result in the production of rectangular 
parallelopipeds of soap. To convert 
these into tablets, they are exposed 
to slightly warm^ air for a short 
time, so as to produce a surface-film 
of slightly dried soap, and thus avoid 
sticking to the dies when they are 
stamped. Tablets thus prepared are 
usually made from parallelopipeds 
smaller than the dies, so thAt the 
plastic Wss is squeezed out and en- 
larged 8ui)erficially (and oorrespoml- 
ingly diminished in thickness) during 
stamping. A more or less strongly 
defined nearly square or oblong mark 
is apt to be thus produced, indicating 
the hardened edges of the small block, 
and to some extent disfiguring the 
tablet. To diminish and avoid this 
tendency, the parallelopipeds are often 
“dressed,” or “shaped,” by liand or 
otherwise, before stamping, so as to 
attain approximately the shape of the 
finished tablet, a kind of knife, or a 
“ soap-plane,” or a mechanical cutter, 
lieing employed for the purpose. The 
scraps thus produced, together with 
the ends of the bars and the outsides 
of the blocks cut off to trim them 
before slabbing, etc., often amount to 
a very considerable fraction of the 
block, especially when of oomparo- 
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tively small dimensions ; thus, from Wright’s avoids this inconvenience, 
2.5 to 33 per cent, of the block, and and also does away with the necessity 
sometimes more (if the • block has of using moulds or frames for casting 
shrunk irregularly in cooling, requiring the soap into blocks, the molten soap 
a thicker outside slice to be removed being “squirted” directly into bare 
in dressing), is usually reduced to by means of a syringe-like arrangement 
scrap, which has to be utilised by re- propelling the soap through cooling 
melting, either by itself or along with tubes surrounded by water at a proper 
the next batch of the same kind, temperature, and finally through one 
This, of course, entails loss of laliour , or more moderately long final cooling 
and time, whilst f>erfume is lost by I and shaping tubes, furnished with 
volatilisation, and frequently the soap [ nozzles at the far ends determining 
•is somewhat deterioiHt'‘<l, especially rf ! the dimensions of the cross-sections 
the scrap has to lie by and harden for of the bars that emerge. When the 
some time l)efore being used up for an- teraiienitures of the cooling tubes, etc., 
other liatch of the .same colourand kind, are projierly adjusted relatively to the 
In order to avoid or diminish this nature of the soap operated upon and 
waste, it has l)een frequentlyiattempted its speed of passage, perfectly formed 
to form the cast blocks into bar.-; by j sound bars are obtained of any required 
compression, without cutting ; but ' sliape as regards cross-section (just as 
hitherto the j)roces8es suggested for ' with the liarring machines used for 
this puiqiose do not seem to have come milled soaps). Practically, no loss by 
largely into use. One of the earliest j formation of cuttings and scrap is 
methods proposed consisted in placing occasioned, wdiilst a considerable saving 
the block in the barrel of a kind of in time, laliour, working space, and 
g^ntic syringe, furnished with a plant, is effected, 
piston, by means of which the mass Instead of tablets, many persons 
of scrap is gradually forced out through prefer to use globular masses of soap, 
a plate perforated with holes, each of or “ wash-balls. ” These ore sometimes 
which acts like the die-plate of the moulded by compressing a mass of 
barring machines already described in plastic soap (previously roughly shaped 
connection with milled soaps, ^o that by rolling between the hmidB, on a 
the soap emerges as a series of bars, table, or Ixjtween dished plates pro- 
Recently, further developments of vided with handles) lietween hemi- 
this idea have been patented, a hy- spherical dies ; but the better kinds 
draulic ram l>eing used to give the are cut from a solid block and turned 
requisite pressure, with a special ar- in a little machine (something like an 
rangement for the introduction of apple-parer), provided with a curved 
fresh soap after completion of the first planing iron which gradually cuts 
stroke. With soaps sufficiently moist the mass to shape. Sometimes several 
and plastic to “ give ” under pressure successive parings, with alternate rests 
and weld togethercompletely, machines for drying, are requisite, 
of this ^rt can be employed to pro- No matter what the shape of the 
duce fairly compact bars ; but many stamped tablet may be, in many cases 
compositions used for toilet sofips crack it is desirable to give an extra ‘ ‘ finish ” 
and flake, when thus treated, to such and polish to the surface by hand 
an extent that the bars ultimately treatment, such as rubbing wi^h a 
formed cannot be worked up satisfac- cloth or piece of felt moistened with 
torily into tablets, inasmuch as, al- spirit. In many cases exposure to wet 
though the tablets formed look all steam for a few seconds develops on 
right when finished, yet they are liable the surface a film or glaze of remelte^ 
to b^k into pieces when used for soap, possessing an admirable gloss 
washing hands, etc. ^ without any further rnanipulfttinp 

A recent patent of Dr. C. B. Alder being requisite. ^ 


u 
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Substances found in Toilet 
Soaps as Sold. — A certain portion 
of the cost of manufacture of a first- 
class toilet soap depends necessarily 
upon conditions as to which chemical 
analysis leads to hut little distinct 
information, these circumstances more 
especiiilly relating to the costliness of 
the perfumes used in scenting it, and 
the amount of labour iKjstowcd in 
moulding and finishing it. But these 
circumstances have no necessary con- 
nection with the value of the soap as 
such ; as regards the main characteristics 
of a thoroughly good soap, not only 
can these be satisfactorily ascertained 
during the course of analysis, hut 
further, in no other way Citn the 
absence of objectionable constituents 
be completely proved. 

The list of substances incorporated 
with various kinds of toilet sojips 
(partly as adulterants or “filling” 
intentionally added, partly as consti- 
tuents intended to improve the article 
or to give it special qualities), together 
with the normal imiterials contained 
in such products, is a lengthy one, 
comprising amongst other things, the 
following : — 

Alkalies. Potash, soda, and some- 
times, but only rarely, ammonia, pre- 
sent in the form of actual soap, i.e., 
alkalies combined with fatty or resin- 
ous acids. 

“ Free ” alkalies : consisting of these 
substances present in a form ca{)able of 
neutralising acids other than that of 
genuine soap, i.e., alkaline matter not 
combined with fatty or resinous acids. 

Neutral alkaline salts, more especi- 
ally sulpliates and chlorides (also 
including such semi-neutral salts as 
borax). 

Fatty and resinous acids combined 
with alkalies fonuing actual soap. 

Ditto present in the free state or 
as more or less imperfectly saponified 
^ycerides. 

Glycerin. 

jGlycerin “ substitutes,” i.e., adul- 
H^nts, more especially sugar. 

Pigments and colouring matters. 

"Water. 


Alcohol, volatile scents, essential 
oils, etc. 

Organic materials added either to 
increase the bulk, or to communicate 
special (lualities, such as powdered 
odorous roots and woods, farina, gela- 
tin, dextrin, and gums of various kinds ; 
oatine,il, bran, sawdust, and other 
vegetable matters ; also beeswax, 
spermiUieti, v.iseline, ozokerite, petro- 
leum, cnnle coal tar, and more or 
less purified coal tar distillates, in- 
cluding ciirliolic acid and creosote oils, 
and Stockholm and other vegetable 
tars. 

Inorganic materials added for simi- 
lar reasons, .sucli as fine sand, infuso- 
rial earth, varieties of china clay and 
pi{)eclay, French chalk and fuller’s 
earth, precipibitwl chalk, sulphur, 
and such like bodies. 

For the comjdete analysis of soaps, 
including the quantitative determina- 
tion of these and other constituents 
when present, various more or less 
successful methods have been pro- 
pouude<l by difierent analysts which 
are fully doscriliod in the works of 
Caiqienter, Lamborne, and others, but 
it may be pointed out thataconsiderable 
exjierience has led to the conclusion 
that a very fair estimate of tlie general 
character and value of a toilet soap 
may be formed without quantitatively 
determining every possible constituent 
present, the data more especially re- 
quisite for deducing such conclusions 
being the following : — 

Total alkali present, including — 

Alkali combined as actual soap. 

“Free” alkali, i.e., alkali not so 
combined, but capable of neutralising 
acid. 

Fatty matters present, including — 

Fatty (and resinous) acids combined 
as actual soap. 

Ditto, not so combined (free acids 
and unwifK)nified fata, etc.). 

Glycerin (when present). 

Together with qualitative test as to 
the o(iour, melting point, and generid 
properties of the fatty acids present ; 
and similar tests (so f)erformed as to 
give a rough Mea of relative quantity) 
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for iwisonous metallic pigments (more j 
especially comixjunds of mercury, as j 
vermilion ; copper and grrseiiic, as ' 
Scheele’s green, and other analogous , 
pigments ; and lead, as red lead and I 
chrome lead), and for other matters 
insoluble in water (farina, French ' 
clialk, etc.), a^d for soluble matters, [ 
such as sugar and sodium chloride, etc. • 
Testing the Chemicals.— To 
e.stimate the commercial value of soda | 
ash or potash, or solid caustic soda, it ' 
is necessary to ascertain the amount I 
of water they contidn, the amount of | 
caustic and carlninated alkali, the j 
foreign substances in them. 

To Entimoic the A moinit of Water . — i 
One hundred grains of the alkali are j 
heated in an iion capsule over suitible 
heating apparatus, until all the water 
is expelled, which may be tested by a 
{date of i:old glass held for a moment 
over the capsule, when whatever va|)our 
rises from the hciitcd material will be 
condensed on its surface. After all 
the water is thus driven oif, the loss 
of weigdit will indicate the amount of 
water in ('very 100 grains of material, 
and the abs(dutc w eight of the dried 
sample will Ihj the percentage of alkali 
contained in the crude luatarial ; the 
loss will indicjite tin; |)er{X‘ntagc of 
water contained therein. • 

To Edi mite the Ammnt of Caustic 
and Carbouated A/hdi — It is very 
important to ascertain if there is only 
caustic alkali or only cfirlxuiated alkali, 
as well as the amount of each. For 
example, if a potash or soda is only 
one-third cjvustic, and two-thirds car- 
Ixmated alkali, the latter must Ixi 
clianged into the caustic state l)efore it 
can be used in soapmaking. It is best 
first to determine the amount of caustic 
alkali. Concentrated alcohol will only 
dissolve caustic soda, and not in any 
way affect the other ingredients always 
found in commercial potash, soda, or 
caustic soda. Take 100 grains of com- 
mercial H(xla*, reduce them to powder in 
a glass mortar, put half of it in a flask, 
with the addition of 1 oz. of alcohol of , 
95 per cent. ; shake all well together, ! 
•and let stand for a fe\» hours, after- 


wards transfer the liquid floating on 
the top carefully into an evaporating 
capsule of porcelain, and let it quickly 
evaporate over a lamp, gradually in- 
creasing the terajxjrature until nothing 
more eva{K)rates ; when cooled, im- 
mediately \\eigh the ca{isule to ascer- 
tain the actual amount (jf amstic sotTa 
wliich the sam{)le contained. Before 
the eva|H>niliug })roccss is commenced, 
in order that nothing ih lost, a little 
alcohol should l)e mixed with the 
deposit in the flask, and licing filtei’cd 
jwlded to the li({uid w Inch had already 
been transferred. In e^timatiIlg the 
amount of carlxmatcd alkali, it is re- 
(luisitc to determine, first, the actual 
amount of alkali existing in the soda 
or {lotash, and this being ascertained, 
the quantity of carbonated alkali is 
reduced by calculation. 50 grains of 
the alkaline wmple are to be dissolved 
in a flask containing 2 oz. of water. 
Next weigli out, on a watch-glass, 100 
grains of well-crystalliFcd oxalic acid, 
reduced to a tine {xiwder. Small por- 
tions of this powder arc to be added 
at a time to the alkaline solutic'ii, 
shaking the licjuid lietwcen each addi- 
tion, or stirring it with a glass rod, 
heating and testing it with litmus 
{Mipcr till the latter Irecomes slightly 
reddened, wliile the litjuid is hot. The 
residue of the oxalic acid is then 
weighed, and sujrposingit is 43 grains, 
it is obvious that to saturate the 
alkali in the 50 grains of the sample, 
57 gi'ciins of oxali(! acid were consumed ; 
7*87 grains of oxalic acid arc capable 
of saturating or removing the alkaline 
reaction of 5 grains of caustic soda, or 
7 gndns of crmstic pota.'-sa. 

To Determine the Nature of Foreitjn 
Jwjredients. — These may Ire soluble or 
insoluble. As they are not taken up 
by the lye, the soapmaker need care 
notliing about the insoluble substances. 
Generally the soluble ones are found 
to Ik 5 chlorides or sulphates. Tho 
former are detected by adding a solu 
I tion of nitrjite of silver to a clear solu- 
tion of the sulwtance to be examined,* 
which lias been previously slightly 
acidulated with chemically pure nitric 
M 2 
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acid, and if there is chloride of potas- 
sium or salt present a white curdy 
precipitate will be formed, which, by 
exposure to light, becomes first violet 
and afterwards black. Sulphates are 
dete(Jted by first neutralising the solu- 
tion with nitric acid, and then lulding 
a solution of chloride of barium ; a fine 
heavy white precipitate is formed. To 
many it is of importance to astiertain 
if there is any sulphide of sodium, 
because a pot^h or soda containing 
it would be unfit for the manufacture 
of white soap. It is often detected 
in the potash and soda, but never in 
the caustic soda. Its presence will 
be indicated by the develo})ment of 
hydrosulphuric acid, on jwldingan acid 
to a solution of the alkali, a gas very 
much resembling rotten eggs in its 
smell. Where the odour of the gas 
fails to afford sufficient pr(H)f of the 
presence of hydrosulphuric jwid, the 
application of the following reagent 
will remove all doubt. The air sus- | 
pected to contain it is tested by placing 
in it a small slip of paper, moi.stened 
with a solution of acetate of lead ; if 
the gas is present, the slip will l)e 
covered with a thin, brownish-black, 
shining film of sulphide of lead. 

Preparation of the Lye.— 
Water . — Only spring or river water 
sheuld be used in making soap. It 
must also be perfectly clear, otherwise 
clear lye cannot tie produced. It 
must be free from organic matters, for 
these are often dissolved, and, though 
imperceptible, soon cause the water to 
become putrid. Nearly all waters 
^»ntain mineral matters in solution. 
When such waters are used, though 
the lyes are equally good, there will 1^ 
a loss of material in proportion to the 
quantity of alkali neutralised. A 
water containing more than twelve 
grains of such sidratances in one gallon 
” should be rejected. 

Lye . — Lye is an aqueous solution of 
caustic soda or potassa, by the agency 
of .«vhich the chemical decomposition 
"* 0 ! the fat and its conversion to soap 
are effected. jCaustie soda is a com- 
mercial commodity, but it may happen 


that the soapmaker will have to pre- 
pare his own lyes. (1) Reduce the 
soda or potassa into small pieces, mix 
it with slacked lime, let it stand 24 
hours, and then leach it out with 
water. For this purpose large tanks 
are used, having a perforated floor, 
placed from two to four inches above 
the l)ottom, and covered with a layer 
of straw, on wliich is poured the mix- 
ture of lime with the alkali. A faucet 
is inserted between this perforated 
floor and the bottom, by means of 
wliich the liquor can be drawn ofi*. 
The lyes prepared in this way are 
never jrtsrfectly caustic ; whilst in this 
process more lime is requisite than 
when the following method is adopted, 
which gives a perfectly caustic soda. 
(2) The |K)ta8h or soda, not too con- 
centrated a solution, should be 
thoroughly brought together with lime- 
milk, Uiis j)roce8s being assisted by 
heat. Insoluble carbonate of lime 
forms, which settles at the Iwttom. 
There should not be more than about 
15 per cent, of alkali in the solution, 
otherwise a portion of the carbonated 
alkali will remain undecomposed. For 
the thorough dec()mj)Osition of the car- 
bonates of the alkalies, the process of 
boiling must be continuous and unin- 
terrupt^, and the lime of a milky con- 
sistency. To ascertain whether the 
lye is caustic, take a test-glass full, let 
it stand till cool, then filter, and drop 
into the clear liquid some nitric acid ; 
if it effervesces, the lye is not caustic ; 
the l)oiling has to be continued till the 
portion taken from the kettle shows, 
when filtered, no escape of carbonic 
acid if nitric acid be added. As soon 
as no carbonic acid escapes from the 
lye, the fire should be taken out, the 
liquor carefully covered, and suffered 
to remain undisturbed for 12 or 16 
hours, so that the lime may settle. 
After this, the clear liquor should be 
transferred by a siphon iqto a wooden 
vat, lined inside with sheet lead, and 
having a perforated false bottom, and 
cock fitted near the bottom so that the 
clear lye may be drawn off. The lime 
I used must n(ft have been exposed to 
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the atmosphere ; only the quantity 
actually re(iuired should be slacked at 
a time, because the hydrate«of lime, as 
well as the lyes, loses its causticity 
when exposed to the air. For 100 lb. 
of crystallised soda, 24 lb. of quicklime 
are re(j[uired ; for 100 lb. of poarhish, 
double that quantity ; and for 100 lb, 
of soda ash, 60 lb. will l)e required. 
For the transformation of pcarlash or 
soda into caustic lyes, more or less 
quicklime is necessary, according to the 
amount of cjirlwnated alkalies they 
contain, and an excess of lime will do 
no harm. 

Bar Soap.— The ingi-edients given 
are for making about 1 cwt. of soap 
at a time. 15 lb. tallow, 15 lb. 
sol. soda, 56 lb. resin, 28 lb. stone 
lime, 10 lb. palm oil, 56 lb. soft water. 
Make a caustic lye of the soda and 
lime by Iwiling tliom in the water 
until the compound is homogeneous. 

In a second Ixnlor heat the resin, 
tallow, and pilm-oil (the addition of 
tlie latter gives an agreeable yellow 
colour to the soap), ami stir well until 
thorougldy incorporated. 

Now gradually mix the lye with 
the melted billow, etc. (lK>th com- 
pounds being boiling hot), stirring all 
the time while adding the l^e, and 
for 15 to 20 minutes after (the exact 
time can only Ixj determined by actual 
experience), but do not stir too long 
or the saponaceous mass will separate 
again. Endeavour to stir the mass so 
that it does not show any streaks of 
soap and lye here and there, but pre- 
sents a uniform appearance. 

The apparatus needed is two boilers 
which can discharge their contents 
simultaneously into an iron tank alwut 
18 in. in depth, and as the contents 
of both boiling kettles are run into 
the tank, an operator at each side 
with a long paddle or stirrer should 
well mix the contents. When the 
mixture has been sufficiently stirred, 
leave the mass to settle for some 
hwrs (12 to 24), then, if a clear separa- 
tion of the soap from the lye under- 
neath has not taken place, sprinkle 
some common salt, nof too much, 


over the surface of the soap, and if 
the latter is fluid enough stirrup just 
sufficiently to allow the salt to mix 
witli it. This will expel all alkaline 
water from the soap, and permit it to 
float on the surface of the licjuiif in a 
semi-hard mass. After a few hours 
njore rest, draw oif the liquid l)eneath. 
the soap and allow the latter to remain 
undisturlKxl until hard enough to cut 

"P- . ! . 

If preferred, instead of doing this, 
the semi-fluid mass can be ladletl out 
into woixlen moulds or boxes, tlie 
insides of which have l;een moistened 
with water to prevent the soap adher- 
ing, and thus when the soap is suffi- 
ciently hard it can be cut up into 
bars in the usual way. 

Carpet Cleansing Soaps,— (1) 
Mix together ^ lb. fullers’ earth, J lb. 
carbonate of magnesia, 2 oz. of pipe 
clay, in a quart of ox-gall. Apply 
with a sponge. Or it may have J lb. 
soft soap added and then be used with 
the water intended to wash the carpet. 
This mixture revives the colours. 

(2) ^ lb. Castile soap, ^ oz. fullers’ 
earth, ^ lb. carbonate of ammonia and 
1 oz. ox-gall. Mix together and then 
let it dry into a soap. It is used as 
soap with warm water, brush and 
flannel. 

Cocoanut-oil Soap.— Cocoanut 
oil acts differently from any other fats, 
in combination with which weak lyes 
produce a milky mixture. Such lyes 
have no effect upon cocoanut oil,- for 
it can be seen floating on the top, 
while strong lyes of 25® to 80® very 
soon produce saponification throughout 
the whole mass. This soap is some- 
times called marine soap, as it will 
lather well with sea water. A lye of 
27®, cold weighed, will saponify an 
equal weight of cocoanut oil— 100 lb., 
for instance, making nearly 200 lb. of 
soap. The oil is put in the pan 
together with the lye, and then heat 
is applied. After continually stirring 
it for 1 or 2 hours, the paste will 
gradually thicken, when the tempera- 
ture of the heat applied should be 
moderated, but the stirring continued, 
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After a time the paste turns into a soaps for the use of engineers, me- 
white semi-solid muss, which forms ' ohanics and others cngag^ed in rou^h 
the soap, and this has to Jje tilled I and dirty work : — 
immediately into the frames, because I Take ti Jb. caustic soda j)Owder (98 
soliditication takes place very quickly. / per cent.) and place it in a vessel 
A mixture is often used of equal parts I containing 2 gal. of water, stir until 
fltf tallow and cocoanut oil, or of dissolved, and let tlio lye thus pro- 


bleached palm oil and cocoanut oil, 
wliich yields a very tine soap. 90 to 
95 per cent, of cocoanut oil, with f) to 
10 per cent, of natural julm oil, yields 
also a nice soap ; and all these fats, 
when mixed with cocainut oil in not 
too large pro])ortions, will l)e as easily 
saponified as if the latter alone were 
uso<l. 

Colouring Soaps.— For the col- 
ouring of ordinaiy fancy soaps, mineral 
colours aroxiin ploy ed ; for s uperior toil jt 
and transparentsoaps, organic pigments 
are used. Generally, the red colour- 
ing matter is derived from vermilion 
or chrome red, the violet from fuchsine 
solved in glycerine, the red-brown and 
brown from caramel and the various > 
kinds of umber. For green, chrome 
green is used ; a beautiful vegetable 
green is obtained by stirring in the 
soap, saponified with 7 to 10 percent, 
of palrn-oil, somesmiltsor ultramarine. 
For blue, smalts or ultramarine. Yel- 
low is obtahied by mixing palm butter i 
with the fat to be saponified. For j 
black, common lampblack is used. ' 
Fine toilet soaps and transparent soaps ' 
may be coloured as follows : — For a , 
red colour, tincture of dragon’.s-blood > 
or liquid carmine. Rose, tincture of , 
carthamine or of archil. Yellow and j 
orange, tincture of annatto or saffron. ■ 
Blue and violet, tincture of litmus, or 
of alkanet-root, or soluble Prussian- 
blue, basic, or a very little pure indigo 
in impalpable powder. Green, a mix- 
ture of blue and yellow. 

Dye Soaps. — The base is any plain 
white or yellow soap. Prepare a dram 
of anabne dye by dissolving it in 2 oz. 
of alc:)hol and 2 oz. of water, and 
work this quantity into each pound of 
BQSp. The resulting coloured paste is 
then moulded to sliape. 

Engin^er’ji Soap.— The follow- 
ing recipes produce cheap but effective 


duced ronuiin until cold. 

In a larger vessel suitable for mixing 
bulk, melt over a slow fire 35 lb. of 
tallow. 

Mix separately 5 lb. ground silica 
and 5 lb. china clay with sufficient 
water to make it of the consistency of 
thick cream, and \vhen thoroughly 
soaked strain twice or oftener. The 
moment the tallow is melted, pour 
the silica and cliina clay slip into it, 
stirring constantly until inci>rporated, 
and then pour in gradually the caustic 
soda lye, and stir until perfect amal- 
gamation is attained. Pour out the 
liquid soap into a box and keep in a 
warm place well covereil up for 24 
hours, when it will ha\'e set into a 
block, which may be cut up and pressed 
if dosireil. 

The process of melting must be very 
carefully carrieil out, only sufticient 
heat being used to warm the tallow, 
etc. 

Floating Soap.— To 28 lb. of good 
oil soap add 1 qt. of water and melt in 
a steam or water liath. The bath or 
pan should be fitted with an agitator, 
as it is es.seuLial that it be worked 
well and continuously until the soap 
has doubled its volume. Pour into 
the cooling frames and, when cool, cut 
in the usual way. It is a pleasant 
soap to use, but not economical if 
purchased by bulk or piece. It may 
be perfumed with any required scent. 

Hard Soaps.— Hard soaps are 
always H(K]a soaps. There are grained 
soaps, those in wliich a separation of the 
under-lye has been nnwlo as described, 
and filled soaps, those in which the 
whole contents of the Ixiiling pan are 
kepi together and sold as soap. The 
cocoanut oil is especially employed for 
the manufacture of filled soaps, liecause 
it is easily soluble in brine, requiring a 
very lai’ge quantity t(‘ separate them, 
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and then they l)econie so hard that 
they can scarcely })e cut with a knife. 
The more solid constituei^tH a fat con- 
tains, the liarfler tlie soap produced ; 
the more oleine, the softer the soap. I 
By mixing the fats in different projjor- j 
tions, soaps of any consistency can l)e ! 
obtjiineil ; tliis also dejwnds upon the j 
strength of the lye used in the process. 
Weak and middling strong lyes will [ 
produce a light soap, while lyes of 25^ , 
to 35*^ B. will procluce a soap heavier 1 
than water. Sometimes a small ad- | 
mixture of suljihate of soda is employed | 
in making soaj), for the purpose of pre- 1 
venting its too great solubility when 
used in washing. In the manufacture 
of soaps, ^ or J of fat is frequently 
substituted by resin. For the trans- 
formation of 100 lb. of fat into soap, 
there are generally necessary 12^ lb. of 
solid caustic sodii ; tliis quantity must 
be more or less, in proportion to the 
nature of the fat. 

Hard-water Soaps. — In order 
to reduce the waste of soaps in contoct 
witli hard waters, through double 
decomposition brought about by the 
lime and magnesia salts, Funk and 
Eltze, ill 1877, iiateiitcd the use of 
sodium phosphate ; and in 1890 Grim- 
shaw claimed novelty in the addition 
of “an alkaline phosphate,’* with the 
object of forming calcium and magne- 
sium phosphates, insteail of lime and 
magnesia soaps, which are insoluble 
in water and tlicrefore wasted. 

Harness Soap.— Take 10 lb. of 
resin soap and put it to melt with suffi- 
cient boiling water to just thoroughly 
soften it. Work into it 4 lb. of sperm 
oil (previously wanned) and add suffi- 
cient line bone-black until a nice paste 
is obtained. 

Marble Soap, for cleansing marble. 
White soft soap 10 lb., powdered 
pumice 6 lb., whiting 4 lb., pearl ash 
8 lb. Grind all to a stiff mass, adding 
a little water if required. Press into 
moulds. 

Medicinal or Medicated 
Soaps . — As soaps of this kind are 
intended to have curative properties, 
it follows that the* soap base from 


' which they are made should be pure. 
I It is also necessary that the raw in- 
! gredients being of best quality 
e.xcess of alkali must be carefully 
avoidedas being likely to cause rough- 
ness ami scjile on the skin. Voiry’s 
method is (ionsidered a good one, pos-* 
sibly tJie liest, this re(|uiring a plain 
cfKKMiiiut oil paste soap as the base. 
This liase is pi-eiKired as follows : 24 
pirts by weight of cocoanut oil are 
boiled in a porcelain vessel with 16 
|)arts .soda lye (10° B.). This forms 
a cream to which is added 10 parts 
soda lye (20° B.). The boiling is 
continued until a little of the mixture, 
dnqiped on a cold surface, solidifies. 
A ijuantity of distilled water is then 
added, and the Iwiling continued and 
1 0 pvrts of common salt added. When 
the soap is cooleil it separates and is 
then subjected to twice wasliing in a 
20 jjer cent, solution of ordinary salt 
and afterwards in distilled water. The 
whole is then pr essed to expel excess 
of water, and a plain paste soap is the 
result. 

Antivvyninl Soap. — Prepared by dis- 
solving 1 part of golden sulphuret of 
antimony in 2 parts of a saturated solu- 
tion of caustic potash, to tliis add, of 
Castile soap in powder, 4 parts ; tritu- 
rate till the whole assumes a proper 
consistency. 

Boracic Soap is readily made by (1) 
rubbing 1 oz. of powdered borax into 
1 lb. of gooil Windsor or other soap. 
(2) Hub up etiual parts of sodium 
borate and Voiry’s paste soap. 

Camphor Soap. — 16 lb. white soap 
or soap-paste (cocoanut oil soap ior 
preference), ^ oz. camphor, 2 dtams 
caraway oil, 2 drams rosemary oil. 
Rub together and press into moulds. 
Tliis soap is not coloured, but left 
white. 

Camphor Savmette. — Spermaceti, 2 
oz. ; camphor, powdered with the 
addition of a little spirits, 1 oz. ; white 
curd soap, melted with a little water, 
24 oz. ; amalgamate with a gentle 
heat an<l mould into balls. • 

Carbolic Acid is a material that 
serves all the purposes that tar will, 
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without its disadvantages. It is a 
better material than tar, but is not 
odourless. A recipe is to melt 150 
parts (by weight) of cocoanut oil soap 
and add 6 parts carbolic acid (crystals), 
10 parts solution of alcohol, and 2 
parts caustic potash. A little, say 
1 'part of oil of lemon may be added if 
desired. When well stirred it is ready 
for the moulds. 

Disinfectant Soaps . — In few ways 
can disinfectants be so agreeably 
applied to the skin as when incorpo- 
rated with soap. One of the last in- 
troduced, though probably one of the 
most efficacious, is thymol soap — first 
made by Ferris and Co., Bristol. 
Thymol is a non-poisonous (herein 
differing from carbolic acid) crystal, 
about eight times as powerful an anti- 
septic and disinfectant as carbolic acid, 
and is probably the only substance 
that combines disinfecting properties 
with a really pleasant smell, that of 
thyme. The best mode of incorpo- 
rating thymol and phenol (i.e. carbolic 
acid) with soap is a trade secret ; Morfit, 
however, states tliat carbolic soaps are 
best made by his process, using as a 
basis hot-pressed fat-acid cake, on 
account of the tendency of carbolic 
acid to soften the soap-paste. 

Carbolic soaps are made in great 
variety and in large quantities by 
F. C. Calvert & Co., of Manchester, 
whose products contain specified defi- 
nite (Juantities of carbolic acid of vari- 
ous qualities. Their “ medical ” soap 
contains 20 per cent, pure crystallised 
carbolic acid ; their toilet and house- 
hold soaps, 10 percent. ; their domes- 
tic soap 8 per cent. ; and their “No. 
5 " or “ scouring ” soap, 4 per cent. 
Uquid carbolic and cresylic acids. The 
comparative antiseptic power of soaps 
may be tested by adding equal weights, 
in solution, to equal weights of flour 
paste, and, after exposing these to the 
air under identical conditions, noting 
tiie day on which mould first appears 
on ^h. The so-called “coal-tar,” 
:ix sapo carbonis deteigens ” owes its 
disinfecting properties to a small 
quantity of carbolic acid in the coal tar. 


It may be assumed as* a pretty safe 
working rule, that almost any desired 
shbstance, whether soluble in water 
or not, can be mixed in this manner 
with soap, provided that (1) it is not 
too volatile at the lowest temperature 
at which the soap can be manipulated ; 

(2) tliat if insoluble in water or alcohol 
it is in a state of very fine subdivision ; 

(3) that it contains neither enough 
acid to decompose any portion of the 
soap, nor any mineral liases which 
would cause double decomposition 
with the sodium salts of fatty acids. 

Thus Cleaver incorporates terebene, 
copper alum, or iron alum ; Robottom 
adds borax or other borates ; and others 
select camplioraceous products ob- 
tained by artificial oxidation of turpen- 
tine oil, such as “ sanitas.” 

Ichtkyol Soap has a demand on 
account of its reducing redness of the 
skin, and being beneficial in cases of 
eczema and rosacea. It is made up 
by rubbing 1 oz, (or any less quantity), 

1 of sodium sulphichthyyolate into 20 
oz. of soap paste. 

Disccticide Soap, for flowers and 
plants. — 26 gal. water, 5 qt. methy- 
lated spirits, fusel oil (amylic alcohol) 
3 pints, tob^o waste, 2 lb. , soft soap 
2 lb. Put the tobacco in a quart of 
water to' boil for A hour, then strain. 
If the water is mucli reduced by boiling 
add more plain water to make the 
quart. BoU the soft soap in 25 gal. 
of water and when melted add the 
tobacco fluid. Allow to cool, then add 
the other two ingredients. Sufficient 
water can be added to double the whole 
bulk, and then it is ready for spraying 
or syringing. 

I^inc Soap . — Make a solution of 1 
part of iodide of potassium in 3 parts 
Df water; to tfiis add, of pounded 
Castile soap, 16 parts ; melt in a por- 
celain vessel by the aid of a wat^ 
bath. 

Mercurial Soap. — (o) Dissolve in 
1 lb. of alcohol 1 oz. of corrosive 
sublimate ; filter this and rub up with 
sufficient Voiry’s soap paste to absorb 
the whole (about 3 to 4 lb,). 

(5) Beat intofa homogeneous mfliss 



Soap : Medicinal or Medicated, Palm-oil, Perfumed. 169 


in a Wedgwpod mortar, Castile soap, 

1 lb ; protochloride of mercury, ^ oz. 
dissolved in 4 oz. of alcohol. 

Savd . — A medicinal soap, usually 
made up as a shaving'soap, as being a 
curative for a disease easily contracted 
from l)arl)er8’ shop implements, luis 
“salol" in its composition. This 
can l)e made by heiiting 2 lb. cocoanut 
oil and melting 4 lb. liecf suet in this. 
Allow this to cool to 125° F. then add 
3^ lb. of caustic soda lye (18°) and 
10 oz. of caustic potash lye (24°), 
then stir over a gentle heat until the 
mass is homogeneous. This will prol)- 
ably half an hour. While the mass 
is warm add J lb. of finely-powdered 
salol and heat up to 115° F., this 
being the heat required to melt the 
antiseptic salol ; stir all the time. 
If it is required to perfume the soap, 
then, before the salol is put in, add a 
small quantity of oil of carraway, oil 
of bergamot, oil of lavender, oil of 
thyme, and essence of mirbune. 

Sulphur Soap.— (a) This can be 
made up with any good jiaste soap to 
which is added one-tenth its weight, 
or any less quantity, of finely-[K)wdered 
(flour) sulphur. Sulphur soap requires 
to be perfumed, as otherwise the sul- 
phur gives the compound an objection- 
able odour. It may Ixj made as follows : 
Rub to a smooth mass 2 lb. of fresh 
soap paste, Voiry’s or a white curd or 
Castile soap, with 3^ oz. of flour sul- 
phur, 4 fl. oz. of alcohol, and a few 
drops of attar of roses. To give the 
soap a good yellow colour the alcohol 
can be tinted with alkauet. A more 
simple recipe is to rub up 1 i>art by 
weight of flour sulphur with 10 parts 
of Voiry’s soap j^ste, and then pr^ 
to shape in moulds. 

(5) Cut into small shavings white 
soap, 8 oz. ; beat up in a mortar with 
sublimated sulpliur 2 oz. ; add 1 oz. of 
alcohol, to which may be added a few 
drops of any of the odoriferous essen- 
tial oils ; b^t the whole into a smooth 
paste and roll into balls. 

Tar Soaps may not look nor smell 
nice, hut they are i^ually effective. 
A recipe is (1) to beat together 2 parts 


of soap sliavings, 1 part tar, and 2 
parts liquor potassa. (2) Make a soap 
in the usual manner, the ingredients 
being 12 lb. cocoanut oil, 6 lb. tallow, 

9 lb. soda lye (40° B.) and 3 lb. tar 
(juniper tar for preference). (3) A* 
vaseline tar soap can be made by pre- 
paring a tar soap with 20 lb. cocoanut 
oil, 11 lb. soda lye (40° B.) and 3 lb. 
tar. Then melt 2 lb. yellow vaseline 
and stir it into the soap with f pint 
of slightly warm water. (4) Another 
ordinary tar soap is nuulc by simply 
working up together 18 lb. Voiry’s 
paste soap with 2 lb. tar. 

Palm-oil Soaps.— Palm oil is 
rarely used alone as a soap stock, but 
generally employed with an admixture 
of resin, and it then yields yellow soap ; 
for white soap, however, these are 
employe<l in the bleached state. For 
some kinds of soap, palm oil is saponi- 
fied with 5 to 10 per cent, of cocoanut 
oil ; more is often used of the latter, 
and then filled soaps are obtained. 
I)cmi-p(dm is a soap consisting of equal 
parts of tallow and pilm butter, to 
which is added a very small quantity 
of resin and coconut butter. 1. Palm 
oil, 300 lb. ; tallow, 200 lb. ; resin, 
200 lb. 2. Tallow, 500 lb, ; palm oil, 
300 lb. ; resin, 200 lb. 3. Palm oil, 
450 lb. ; cocoanut oil, 50 lb. 4. Hog 
fat, 550 lb. ; jwlm oil, 150 lb. ; cocoa- 
nut oil, 50 lb. ; clarified resin, 60 lb. 
Palm oil may lie made into soap exactly 
in the same way as tallow. If resin is 
incorporated, it is better to produce 
first the combination of the resin with 
the lye and mix the same with the 
finished palm oil soap. Soap made of 
bleached palm oil is perfectly white, 
and can scarcely be distinguished from 
tallow. Palm soap bleaches when 
exposed to the light. ^ 

Pexfumed Soaps.— Perfuming is ^ 
generally done when the paste is in 
the frame, as if added in the pan when 
the soap is hot, most of the essential 
oils would be volatilised. It is best 
to mix the colours and the perfun^ 
together with somealcohol orglycSrine, 

I and stir well in the paste, 
i Almmd Soap, —(1 ) The best quality 
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is usually white curd soap, with an 
addition of Jth to |th of its weight of 
olive-oil soap, scented with essential 
oil of almonds in the proportion of 
about 1 oz. to each 4^ to 5 lb., or 
•lb. to thecwt.; very line. The addi- 
tiifti of a little oil of cassia, say 4 or 5 
oz. a cwt., improves it. Secoinl 
and inferior articles are scented with 
the artificial oil of almonds, instead of 
the genuine oil. (2) Hard white soap, 
28 lb. ; essential oil of almonds, oz. ; 
reduce the s(mp to small shavings, and 
melt with the aid of a little hot water, 
adding the essence gnuiually, and with 
constant stirring. 

Bouquet Soup. — (1) White curd 
soap, finest, 17 J lb.; olive-oil soap, 
2J lb.; oil of bergamot, 1 oz. ; oil of 
cassia, oil of cloves, oil of sassafras, oil 
of thyme, of o.ach, 1 J dram ; oil of 
neroli, 1 dram ; ochre, brown, levigated, 
2 oz. ; proceed as for almond soap. It 
may !:« varied by substituting oil of 
lavender for the neroli. (2) White 
curd soap, 20 lb. ; oil of bergamot, 2| 
oz. ; oil of cloves, J dnim ; oil of neroli. 
^ dram ; oil of sassafras, ^ dram ; oil 
of thyme, ^ dram. Coloured with 2^ 
oz. brown ochre. (3) Good tallow 
soap, 30 lb.; essence of bergamot, 4 
oz. ; oils of cloves, sassafras, and thyme 
each 1 oz. ; colour, brown ochre, 7 oz. 

Cinnamon Soap. — (1) Usually a mix- 
ture of tallow and soaps, coloured with 
about J lb. of yellow ochre, and scented 
with 1 oz. of oil of cinnamon, sup- 
ported with a little oil of bergamot and 
sassafras, to each 7 lb, (2) Finest 
white curd soap, 6 lb. ; palm-oil soap, 

lb. ; cocoanut-oil soap, 1 lb. ; oil of 
cinnamon, 1 J oz. ; oil of bergamot, oil 
of sassafrM, of each, | oz.; lavender, 
1 dram ; levigated yellow ochre, J lb. 
(3) Good tallow soap, 30 lb. ; palm-oil 
soap, 201b.; essence of cinnamon, 7 oz.; 
essence of sassafras, 1| oz.: essence of 
bergamot, oz. ; colour, yellow ochre, 
1 lb. Oil of cassia is often used instead 
of oil of cinnamon, and always in in- 
C^or qualities. 

Flowm of Erin . — White curd soap, 
scented with oil of roses, 1 dram ; 
sjArits of violet, J fluid oz.; spirits of 


jasmine, ^ fluid oz. ; spirits of patchouli, 
J flui<l oz. ; spirits of vanilla, ^ fluid 
oz. Tinged'green or rose. 

Glycerine Soap. — (1) Any mild toilet 
soap, with which about jj^jrth to ^^-th 
of its weight of glycerine bis l»een inti- 
mately mixed whilst in the liquid state. 
It is generally tinged of a red or rose 
colour, or orange yellow. Scent with 
oil of bergamot or rose geranium, sup- 
ported with a little oil of cassia, or 
cassia supported with essential oil of 
almonds. (2) 40 lb. of tallow, 40 lb. 
of lard, and 20 lb. of cocoanut oil, are 
saponified with 45 lb. of soda lye and 
5 lb. of potash lye of 40*^ Baum4, when 
the soap is to lie made in the cold 
way. To the paste then add ; pure 
glycerine, 6 lb. ; oil of Portugal, ^ oz. ; 
oil of Ixirgamot, J oz. ; bitter almond 
oil, 5 oz. ; oil of vitivert, 3 oz. (3) One 
hundred parts of oleine of commerce, 
pour it either in a glass flask if the 
quantity is small, or for a larger quan- 
tity into an ordinary lioiler, add 314 
parts of glycerine, sp. gr. 1’12, heat 
to a temperature of 90^ F., and then 
add 56 parts of an aqueous solution of 
caustic potassa, sp. gr. 1*34 ; stir the 
mixture well. Keep at rest for 24 
hours. 

Honey Soap . — Ordinory honey soap 
is the finest bright-coloured yellow 
resin soap, coloured by the addition of 
a little palm oil, or palm-oil soap, and 
scented W'ith oil of rose geranium, or 
oil of ginger-grass, or with a little oil 
of bergamot or verbena. Some of the 
finer kinds are made of olive-oil soap 
and iMtlm-oil soap, of each 1 part ; 
white curd soap, 3 ; deepened in colour, 
whilst in a liquid state, with a little 
palm oil, or annatto, and scented with 
1 to IJ oz. of essential f^ils to each | 
lb., or 1 to 1^ lb. to each cwt. 

Lavender Soap . — The Imsis of .Wind- 
sor soap, Bcent^ with oil of lavendw, 
1 to IJ fluid oz. per 7 lb., support^ 
with a little oil of bergamot and the 
essences of musk and ambergris. ‘ It is 
often coloured with a little tinckire of 
litmus, or corresponding mineral pig- 
ments. f 

Musk Soap. —(1) The basis is gener- 
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ally a good ox-tiuei or tallow soap ; tlie 
scent, essence of musk (jr oil of musk, 
supported with a little «f the oils of 
bergamot, cinnamon, and cloves. The 
quantity of the essence used depends 
on the intended fragrance of the 
product. The (iolouring matter is 
usually c^aramel. Tallow and |)alm-oil 
Boaj), to which add powder of cloves, 
roses, and gillillowers, each 4 oz. ; es- 
sence of liergamot and of musk, each 

oz. ; colour, brown ochre, 4 oz. 

Oraiiifc-fiown' (1) Like rose 

soap, but using pure neroli, supiH)rtcd 
with a diish of the essences of aml>er- 
gris and Portugal, instefui of otto {)f 
roses, ;is scent. The French orange- 
flower soap is scented with equal jiarts 
of neroli and geranium. (2) Tallow 
and palm-oil soap, to which add essence 
of orange flowers, 7^ oz.; ambergris, 

oz. ; colour, chrome yellow, 8 oz. ; 
rwl lead, 2 oz. 

Primrose Sexip. — This has usually a 
similar basis to honey soap, faintly 
scentetl with mixed oils similar to 
those used as cowslif) j)erfuine, and 
coloured fuvle yellow, or greenish 
yellow. 

Rmulolctia Soap . — The basisof cinna- 
mon, rose or Windsor soap, scented 
with 1 to 1^ oz. of the mixed oils and 
essences used for essence of rondoletia, 
to each 7 lb. The colours are those 
used for l)ouquet, cinnamon, honey, or 
brown Windsor soap. 

Rose Soap.—(\) Palm-oil soap, in 
shavings, 3 lb. ; finest white curd soap, 
in shavings, 2 lb. ; soft water, ^ pint. 
Melt together in a bright copper jjan, 
set in a water bath. Add levigated 
vermilion, J oz. ; and when the mixture 
has cooled a little, stir in finest otto of 
roses, 2 drams ; oil of bergamot, 1 J 
dram ; oil of cinnamon, oil of cloves, of 
each, J dram ; oil of rose geranium, J 
dram. Mix well, and pour the mass 
into an open-bottomed wooden frame, 
set on a polished marble slab. Some- 
times it is coloured with tincture of 
dragon’s blood, or of archil, instead of 
with vermilion. (2) White curd soap, 
20 lb. ; essence of rose, 1^ oz. ; cal of 
cloves, } dram ; oif of cinnamon, 


dram ; oil of l)ergamot, 1 dram ; oil of 
neroli, dram ; coloured with 2 oz. 
vermilion. (3) Olive-oil soap, 30 lb.; 
good tallow soap, 20 lb. ; finely ground 
vermilion, oz.; essence of rose, 3oz.; 
essence of cloves, 1 oz. ; essence oj 
cinnamon, 1 oz. ; essence of bergai*)ot, 

oz. The hard soaps are to Ihj kept 
at 212^ F. for an hour, with lb. of 
water, in an untinned cop|)er pan, the 
vermilion then added, and when taken 
off the fire, the essences mixed well 
witli it, by stirring them together. 
This IS a very })erfect soap, possessing 
a delicious fi-agrance, a beautiful rose- 
ate hue, and the softest detergent 
projierties, wliich keeping cannot im- 
pair. 

Yidci Soap.—{\) Any white toilet 
soajj strongly scented with essence of 
orris root, either C(tloured, or not,,wi»h 
tincture of litumus, or a little levigated 
smalts, ultramarine, or indigo. (2) 
White curd Bua]», 3 lb. ; olive-oil soap, 

1 lb.; j«dm-oil soap, 3 lb.; melted 
together, and further scented with a 
little cs.'-ence of orri.s-root, which is 
best iwlded cold ; and coloured, or not, 
at will. Very fragrant, but it does not 
take colour very well. 

M^indsor Soap. — 1. Wliite. The 
best is a mixture of olive oil, 1 part ; 
ox-suet, or tallow, 8 or 9, saponified 
with a lye of caustic soda, and scentefd 
after removal from the boiler. The 
ordinary is curd soap, scented, whilst 
semi-liquid, with oil of carraway, sup- 
jH)rted with a little oil of bergamot, 
lavender, or origjinum. To the finer 
(|ualities a little oil of cassia, or of 
almonds, or of the essence of musk and 
ambergris, is also added. The usual 
pro|K)rtion of the mixed oils for good 
qualities, is 1 J lb. per cwt., and 2 lb., 
at the least, for the finer ones, ex- 
clusive of the alcohol essences, if they 
are employed. 2. Brown. Originally 
this was the white variety that had 
become yellow and brown by age. It 
now only differs from the white in 
being coloured v\ ith a little caramel, 
with umber, or brown ochre. 8. l^lne 
parts of good ox-tiillow and 1 of olive 
oil, scented with cil of carravvsy, oil of 
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lavender, and oil of rosemary, in the 
following proportions : Hard curd soap, 
100 oz. ; oil of carraway, 1 oz. ; oil of 
lavender, J oz. ; oil of rosemary, J oz. 

Polishing Soaps.-^l) Stir into 
^25 lb. of liquid cocoanut oil soap, 2 lb. 
‘of ^poli and 1 lb. each of alum, tartaric 
acid and white-lead. 

(2) Stir into 2,5 lb. of liquid cocoa- 
nut oil soap, 5 It), of jeweller’s rouge, 
and 1 lb. of ammonium carl)onate. 

(3) Mix 25 lb. of liquid cocoanut oil 
soap with 4 to £ lb. of calcined oxalate 
of iron. 

(4) Stir together 24 lb. of cocoanut 
oil with 12 lb. of lye of 38° to 40°, 
and when the mass appears bright add 
3 lb. of jeweller’s rouge, mixed with 
3 lb. of water, and, finally, 1 oz. 
2 drams of spirit of sal-ammoniac. 

(6) Seduce lb. of cocoanut oil 
soap to fine shavings, add some water 
and melt. To the melted soap add 
then, with vigorous stirring, 6 oz. 
6 drams of clialk, 3 oz. 2 drams each 
of alum, tartaric acid and dry wliite 
lead. 

English Silver Soap , — This soap, 
which may be used for giving silver 
articles a beautiful lustre by bruslung, 
is prepared as follows : Dissolve 2 parts 
of Castile (pure olive oil) soap in 2 parts 
of soft water over a fire, and stir into 
the mass 6 parts of whiting. The 
soap is put into moulds and allowed 
to cool. 

English Rose-colour Silver Soap . — 
This soap is prepared in the same 
manner as the preceding, but instead 
of 6 parts of whiting, the following 
ingre^ents are stirred into the melted 
mass : Fine white tripoli 2 parts, 
pulverised clialk 3 parts, and jeweller’s 
rouge 1 part. Before pouring the 
soap into moulds it is perfumed with a 
few drops of oil of lavender, giving it 
ai^ odour which contributes towards 
its ready sale. 

Powdars.-^These always contain, 
besides powdered dried soap, a lai^ 
peroejQtage of sodium carbonate, gene- 
rally in the form of dried soda ciystals. 
They n&ay baprepared in several ways, 
thus 


(a) Anhydrous soflium carbonate or 
soda ash is added to a “ clear-boiled ” 
soap-paste, a/id after thorough mixing, 
the somewhat stiff material is drawn 
off into cooling frames. The cold and 
hard simp thus obtained is then finely 
ground. 

(h) Soda crystals atid soap are melted 
together and then treateil in the above 
manner ; but this plan is advantageous 
only when soaj) scraps can be had. 

A suitable apjuiratus for conducting 
the operation consists of a wrought-iron 
vessel with a strong agitator contained 
in an interior cast-inin vessel, which 
can be cooled by water circulated in 
the outer vessel. The li^iuid soap is 
cooleil while the sotia ash is slowly 
added and completely dissolved. 
During the grinding [trocess care must 
be taken not to overhejit and thus 
soften the product. 

The comjxisition of soap powtlers 
varies considerably. Only a small 
proportion of resin simp can l)c used, as 
such soap is sticky, and cannot l>e 
powdered. Olein soap may be used 
with advantage, and the olein may Ite 
saponified witli sotlium carlx)nate in- 
stead of the more exiiensive caustic 
lyes. 

As a small quantity of free chlorine 
is not objectionable in soap ppwders, 
dark coloured materials such as bone 
fat, fish oils, etc., may be used for 
making the soap, with the addition 
of a small quantity of bleaching pow- 
der. 

To some soap powders, 2 to 5 per 
cent, of sodium silicate is added. 

A good washing powder should con- 
tain 30-35 per cent, fatty acids, 30-35 
per cent, s^ium carbonate, 30-40 per 
cent, water. 

The inferior powders, containing 
only 5-10 per cent, fatty acids, should 
not lie used for the laundry ; they are 
onlyserviceablefor scrubbingpurposes. 

There is a soap powder in the market 
prepared by treating linseed with caus- 
tic soda directly. This soap contains 
certain impurities derived from 
seeds, which lather freely, and thus, 
when the powdef is used, gives the im- 
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pression of more genuine soap being 
contained in the powder than is actu- 
ally the case. 

(c) Soap Powder or “ Soap Extract" 
— Yellow soap in shavings 12 lb., palm 
oil 2 lb., soda crystals 6 lb., pearl ash 
3 lb., Bulpliate of soda 3 lb. Mix 
together without water, then put to 
dry. When dry grind to a medium 
powder, not too fine. 

For washing printers’ blocks and 
types, a powder is recommended con- 
taining only a small (juautity of com- 
bined fatt}' acids, but 10-15 per cent, 
caustic soda. 

The so-called ‘ ‘ bleaching soda ” con- 
sists of 80 fiarts soda crystals and 20 
parts sotla silicate. 

The composition of some American 
washing powders was found to be — 

abed 
Sodium carbonate 4.^) -2 26*9 49 2 46'6 

Fatty adds . .26*4 44*0 25 ‘6 26-7 

Gumbiuedaoda . 3*1 3'4 3*5 2 6 

Water . . . 23-7 8-8 19*1 24-9 

Fine Band .... 16'3 

They are therefore mixtures of 
dried soap and washing soda, and 
may Ikj used in conjunction with soap 
to soften hard water, but if used alone 
must he injurious to textile fabrics. 
Borax might Ik; added, instead of the 
soda, apparently with advantage. 

Pumice-stone Soaps, — These 
are produced by the cold process. 
One ihethod is to melt 400 parts (by 
weight) of cocoanut oil and 100 jwts 
of cotton oil, and stir in 240 parts of 
caustic soda lye (38° B.) and 10 i»art8 
of caustic potash lye (30° B.), Iwth 
the lyes having a temperature of from 
32° C. to 36° C. (89 • 08° F. to 96° F.). 
Sift in 250 parts of pumice powder, 
and to scent the soaj) mix in l| 
part of cassia oil, 1 fwirt of rosemary 
oil, ^ part of lavender oil, \ part of 
safrol, and ^ part of clove oil. 

Resin Soap. — Place 80 gal. of ley 
into a kettle of sufficient capacity, first 
boil the contents, and then throw resin 
in at intervals of 5 or 6 minutes, and 
in portions of 15 to 20 lb., until 1320 
lb. have been added. The resin must 
be previously well f)ulveri8ed, and 


while one workman is occupied with 
tlirowing it in, another should be con- 
stantly engaged in stirring it, as the 
mixture easily ascends. The heat 
must not he too rapidly increased, nor 
is it necessary tliat it should boil all^ 
the time, but keep the temperature 
near the Ix^iling point. It is absolutely 
requisite to keep stirring the paste all 
the time. Safwnification will be 
finished in 2 hours, and then the mix- 
ture, with the fat, is converted into 
B<»ap as alK»ve doscriljed. 

Shaving Soaps. Awfr—l. White 
soft soap, 4 oz. ; finest honey soap, 

2 oz. ; olive oil, 1 oz. ; water 1 or 
2 tablespoonfuls ; carlwnate of soda, 

1 dmm. Melt together and form a 
jMiste, adding a little j)roof-spirit and 
scent at will. Some melt with the 
sojip about 1 dram of spermaceti.' 
T’roduces a good lather with either 
hot or cold water, which dries slowly 
on the face. 2. Hard soap in small 
shavings, 2 oz. ; best soft soap, 6 oz. ; 
melt by the aid of a water bath ; add, 
on cooling, oil of cloves, 1 dram ; tinc- 
ture of ambergris, 20 drops. 

Soap . — It will be understood that a 
shaving soap should be mild, and that 
it should not only lather well, but the 
lather should be as permanent as 
possible. Ordinary soaps are too 
alkaline to be called mild, and the 
lather is not permanent enough. A 
good shaving soap can be made m the 
“ cold ” way as follows Mix together 

2 lb. cocoanut oil, 6 lb. lard, 3 lb. caustic 
soda lye (35° B), and 1 lb. caustic 
potash lye (35° B.). Heat all to 120° 
F., and when well mixed allow to set. 
All shaving soaps are perfumed, the 
cliief ingr^ents used being oU of 
lavender, oil of bergamot, oil of pepper- 
mint and oil of bitter almonds. What 
lias been known as the Military Shaving 
Soap has for perfume oil of lavender 

3 parts, oil of peppermint 1 part, oil 
of bergamot 4 parts, oil of thyme 2 
parts, oil of cinnamon 2 parts, and oil 
kummel 3 jiarts. 

I Cream. — Take white, soft, lai^ 

I potash soap, recent, but moderately 
I firm, and in small portions at 
# 
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ft time, in a marble mortar, until it 
fonns a white homogeneous mass ; acid 
sufficient essential oil of almonds, sup- 
ported with a little oil of bergamot, or 
of cassia, put in during the f)Ounding. 

Essence or FJuid. — 1. White hard 
Iboap, in shavings, J lb. ; rectified 
spirit, 1 pint ; water, J pint ; perfume 
to taste. Put them into a strong 
bottle, cork tightly, set it in warm 
water for a short time, and (K’-cvisionally 
agitate it briskly until solution is com- 
plete. After standing, pour off the 
clean portion from the dregs into 
clean bottles for use, and at once 
closely cork them. If the solution is 
not sufficiently transparent, a little 
rectified spirit should l>e added to it 
before decantation ; a little proof- 
spirit may lie added if it is desired to 
render it thinner. Tf much essential 
oil is used to jicrfume it, the trans- 
parency of the product will be 
lessened. 2. White soft soap, | lb. ; 
liijuor of potassa, 2 fluid drams ; repti* 
fied spirit, 1 pint. Perfume to taste. 
Proceed as liefore. The product of 
both is excellent. By rubbling two or 
three drops on the skin, and applying 
the slmving- brush, previously dippecl 
in water, a good lather is prcxluced. 
The choice of jKirfume is a matter of 
taste, 15 to 20 drops of essence of musk 
or amliergris, 1 fluid dram of any of 
the ordinary fragrant essences, or 12 
to 15 drops of essential oil, simple or 
mixed, to a pint, are sufficient for the 
purpose. 

Soap Balls. — These are usually 
made of one or other of the toilet soaps 
with the addition of a little starch ; 
sometimes sand is used in place of . he 
starch. 

Sand Soap . — Under this heading 
occur a number of soaps in which it 
is sought to unite the chemical action 
of soap with the mechanical aid afforded 
^ sand in scouring. According to 
C. Koth (‘ Seifenseider Zeitung,’ Nov. 
21, 1884), as much as 70 per cent, of 
cli^n sand or powdered (luart;: is 
s#nethnes mixed with soap paste, and 
experiments showed that such soap 
had no disftgreeaV4e effect on the liands 


when used as a detergent. In a simi- 
lar way, soap is made the vehicle of 
majiy substances to be applied to the 
skin, medicinally or otherwise, or in 
any cleansing process. All these 
should be incorporated with “ neat ” 
soaps, freshly imule or remelted, at as 
low a ternp.MMturc as possible. Some 
form of .sojip is not unfrcqueutly the 
lu-iis of polishing quisles. 

It is obvious that many abrasive 
sulwUinces besides sand win be incor- 
ponitcd in soap, such Jis fuller's wirth, 
pumice, brick<lu.st, emery, etc,, in all 
proportions up to the limit of cohesion 
of the mass. Even some toilet soaps 
are so prepared for application to the 
teeth, suli-itituting precipitated clialk, 
cuttlefish bone, etc., for the commoner 
forms of abrasive material. 

Sand Ball. —Fine old yellow soap, 
2 pirts ; silver sand, 1 jiart ; scent 
to taste ; melt the soap and mix in 
the sand, afterwards adding the scent 
an<l making into lalls. 

Soap Bubbles, Mixture for.— 
Fill a clean stopixjred Ixittle three- 
<[uarters full of water (wliicli should 
be distilled, or very clean rainwater). 
Add one-fortictli part of its wiiidit of 
oleatc of sixla, which will proliably 
float on the water, Lca\ e it for a day, 
when tho oleatc of soda will lie dis- 
solved. Nearly fill up the bottle with 
Price’s glycerine and shake well, or 
jtour it into another clean kittle ami 
kick again several times. Leave the 
stopiiered bottle for alxuit a week in 
a dark place. Tlien, with a syphon, 
draw off the chiar lupiid wliieli will 
have collected at the top. Aild one 
or two drops of .strong liquid ammonia 
to every pint of the liijuiM. Then 
carefully keep it in a stopfiered botth 
in a dark place. Do not get out this 
stock Iwttlc every time a liubble is to 
lie blown, but have a small working 
bottle. Never put any liack into tho 
stock. In making the Ihjuid, do not 
warm or filter it, or it will bo spoiled. 
Be most careful to expose the li(}uid 
to the air as little as possible. (Boys. ) 

Soft Soap. — (i/) For the manufac- 
ture of soft soa|N, henifiseed oil, lin- 



175 


Soap : Soft Soap. 


seed oil, poppy oil, rapeseed, colza, 
whale, and seal oils are used. Saptmi- 
fication is commenced with a lye of 9° 
to 11° B., and tlie conft.nts of the 
kettle kept boiling, until the paste 
becomes of sufficient consistency to 
draw threads out of the suljstance. It 
then undergoes the proce^ of clear- 
boiling, for which purjiosealyc of 
should l)e used, stirring all the time, i 
When the jmste does not sink any more ' 
— first it ascends — boils quietly and 
shows the formation of swiles, it may 
1)6 considered finishe<l. The barrels in i 
which it is to be offered to the tratle , 
should be immediately filled. The j 
quality of soft soaps is estimated ac- j 
cording to tlieir consistency. (Ireen ' 
soap was formerly niiulc of linseed oil. | 
It is now, however, made princiijally 
of whale oils, but as they have a yellow j 
colour, manufacturers mix the 8oa})8 ' 
iiDule of the whale oils with finely- |)ow- 
dered indigo, or the indigo-sulphate of 
lime, which is f)repiired by dissolving 
indigo in sulphuric acid, diluting it 
with water, and saturating the whole 
with lime-milk. Black soft soap is 
made by adding to the soap a mixture 
of a solution of cop|)eras and logwood 
or gallnuts. 

(b) In the manufacture of cither 
smoothed or grained soft syap, the 
chief fat used is linseed oil. This, if 
it is pure and of good quality, makes 
a fine transparent soaf), of Listing 
quality and allowing more filling than 
other oils. If properly made of lin.socd- j 
oil soft soaps will stand cold l)est of , 
any, and even if they have become 
somewhat turbid during exceptionally 
sharp weather, they recover their 
appearance as soon as it gets warmer. 
The seed yields from 26 to liO per 
cent, of the oil by pressure, and the 
oil will keep a long time without l)e- 
coming rancid or deteriorating in any 
way. Besides linseed oil, cottonseed 
and oarthnut oil are much used in soft 
soap manufacture, and for the cheapest 
and most filled kinds, oil sediments 
full of steirine are often employed. 
These answer in the summer, but are 
apt to cause trouble b^ efflorescing in 


cold weather. Linseed-oil soft soaps 
are principally used for household 
purposes, and are of many varieties. 
Unfilled natural-grain soft soap is the 
best, and is prepared from 2 j>art8 of 
I)alc linseed oil and 1 part of good 
tallow. If the evaporation is carried- 
on till nearly all the froth has disJlp- 
peared, the soa]» will l)e more durable, 
and faster graining than if the action 
is i>ushed farther. P'or technical pur- 
poses oleine gives Ijctter results than 
linseed oil, and produces more soap, 
weight for weight, but the oleine must 
not have undergone decomposition. 
Distillcil oleine is often found to have 
l)ccn jiartially decomposed in the dis- 
tillation. For some purposes, too, 
tallovv-oleine grain soap is not soluble 
enough. In washing fleeces, for 
instance, the hard grain s»)jip often 
lodges undissohed in the wool, espe- 
cially if old soap has been used. This 
is a waste of soap, and hinders tha 
subsequent dyeing operations. For 
such use, the soap is best made from 
oleine alone ; or a hard {K)tash sojip 
with plenty of carbonate in it may be 
used. Good soaps for the purpose 
can also begot fi'om mi.xturesof oleine 
with its own weight of pdm oil, Ijut 
if these Hoa|)s are ke)»t too long in 
stock they lose in solubility. A good 
recii)e for a natural-grain textili! soap 
is oleine, 5 lb. ; cottonseed oil, 4 Jib. ; 
hard fat, 6 lb. ; blwiched j)alm oil, 
IJ lb. ; and raw pvlm oil, 2 lb. A 
few })oun<ls of tallow not contjiining 
too much stearine cjui also be iiorked 
in, and the hard fat mentioned can be 
rcpLiced by bleached |>{ilm oil. Good 
Lugos oil gives a fine round grain. 
Such soaps am be filled easily to some 
extent, and in winter best with 15° B. 
potash, in summer with lli°B. potas- 
sium cliloridc. It is most important 
to attend to the coinjH)sition of the 
lye. In using 50° B. potash lye, it 
should, in the colder season of the 
year, be mixed with a (juarter of its 
weight of 97 to 98 per cent, carbonate 
of potash in solution, so as to make a 
26° B. lye. As with all natuml-grain 
soaps, these soft soap must be got as 
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nearly neutral as poBsible. If this 
and the evaporation are properly seen 
to, the 8oap will dissolve easily and 
the grain will not be too solid. The 
washing power of a soap dej^nds upon 
Jits solubility and lathering |K)wer. 

potash soaps containing resin are 
the most soluble, the latter substance 
incresu^es the cleansing power. Most 
soft soaps, too, contain an excess of 
alkali, especially those tillwl with meal, 
and this alkali still further increases 
the washing cajjabilities of the soap. | 
Linseed-oil soft soaps ai’e made (juite 
unfilled, or containing a high percent- 
age of 'filling. To get the soap as 
transparent and as light in colour as 
possible, even the |)alest oil sometimes 
is bleached, and in summer cottonseed 
oil is used with it. The bleaching is 
usually done with a 30'’ B. pcitash lye 
not too caustic. When a strong lye 
is used, the dark precipitate which 
don tains the colouring matter, and 
also the product of the saponification 
of the free fatty acid originally present, 
can be utilised in manufacturing low- 
grade soaps. 100 lb. of lins^ oil 
can be bleached with 6 lb. to 7 lb. of 
the above lye, the lye being run whilst 
warm into the oil in a thin stream, 
and being well crutched into it for 
half an hour. By crutclung is meant 
the stirring together of the ingredients 
by means of a perforated piece of wood 
or iron attached t<j a pole. If the oil 
is very pale, 5 lb. of lye will suffice 
for the bleaching ; but in any case 
bleached oil wants a stronger lye for 
saponification than unbleached. With 
the latter the lye should not contain 
much carbonate, and should not exceed 
18° B. in strength. Later, stronger 
,lye is added to prevent the soap get- 
’ ting too thick. For the 8aix)nification 
of 100 lb. of oils, l.^i0 lb. of 25° B. 
potash lye are used generally. To 
100 lb. of oil m a pan, 25 lb. of 20° B. 
lye and 10 lb. of water are added. To 
e{fsure quicker union, about 5 lb. of 
resin^should also be added. Heat all 
tfp and crutch repeatedly ; when an 
emulsion is formed, boil it in the pan. 
Now gradually add the rest of the lye, 


boiling up after each addition. Finally, 
evaporate over not too strong a fire. 
In winter it js better not to use soda 
lye, but in summer soda to the amount 
of 30 per cent, of the fat can replace 
part of the potash. The soda is put 
in altogether, after about one-third of 
, the potash lye is in the pan. The 
rosin is often Jidded at the end, and if 
the sfwip is mther alkaline, usually 
makes.it about right. A well-finished 
soap must be thick in the sample glass, 
should show a good flower, and be 
quite clear when cold. When soda is 
used, less evaporation is needed. 
Summer soft soaps must not show so 
much flower as a winter-made soap, 
and should keep better. There may 
be rather more carbonate in the lye if 
the soap is not to be filled, and car- 
bonate of potash can be added. The 
above process gives a very pale aml)er 
soap. For filling, the best substance 
is 13° B. solution of potassium chloride, 
which is crutched in when the finished 
soap has partly cooled. In adjusting 
or fitting a soft soap, the use of car- 
bonated alkali is essential. All soft 
soaps boil tough before they are pro- 
prly atljusted. When right they 
break ofi* rather short from the spatula. 
A piece as big as a half-crown should 
be set atf the edges, but should yield 
liquid soap on pressure with the finger 
in the middle. Subsetjuent filling 
will not do away with the bad results 
of careless fitting, and in any case the 
soap will turn rancid if deficient in 
alkali, and brittle and unsatisfactory 
j if there is too much. The following 
' is a good recipe for a well-filled soap. 
Linseeil oil, 100 lb. ; resin, 20 lb. ; 
meal, 52 lb. ; potash (15° B.), 58 lb. ; 
potassium cliloride (23° B.), 20 lb. ; 
and waterglass, 16 lb. Besides this, 
the addition of from 56 lb. to 58 lb. 
of fitting lye of 30° B, will be made 
necessary by the filling. It is often' 
asserted that more filling is wanted in 
summer than in winter. This is only 
correct when oda lye is not used. 
With filled soaps, excess of lye is to t 
be particularly avoided. If the soap 
is to be made fraifi, very fi^ne indigo 
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is ground to the finest possible powder, 
iKiilod in weak lyi*, and added to the 
pan at the very kist, whe& the soap is 
just going off tlie boil. The ('.oleur is 
better and more uniform if the indigo 
is ground up with its own weight of 
fuming sulphuric acid, and then left 
to stand for several (lays in a warm 
pLice. The solution is then stirred 
up with soda (jrystfils until fairly 
neutralised. In this way the colour 
is made very soluble in the soap, and 
is crukhed into it very easily, giving 
an even-coloured product. Alsmt 
1 oz. of indigo is used for evejy 63 lb. 
of soap. Formerly hemp oil was used 
always for green soft soaps. This oil 
resembles linseed in its properties, but 
has a fine green colour. It gives a 
good leaf-green soap, but the liigh 
price of hemp oil precludes its exten- 
sive employment. (‘ Soapmaker and 
Perfumer. ’) 

Tallow Soapa.—To saponify 1000 
lbs. of fat, commence by putting the 
tallow into the 1 toiler, and molt it with 
a slow heat, add 70 to 80 gal. of lye 
of 10° to 12° B., stir well, and keep 
a gentle fire for several hours. Should 
part of the fat separate from the mass, 
which is often the case, an oily liquid 
will be observed floating on the top. 
Then add, gradually, 35 to 40 gal. of 
lye of 15° to 18° B. By this addition 
the whole contents will form a homo- 
geneous mass of a greyish- wliite colour. 
In order to esbiblish the necessary 
consistency to the paste, boil gently 
for several hours, adding every hour 
6 to 7 gal. of lye of 20° B. The time 
necessary for the first operation is 
from 10 to 12 hours for 1000 lb. of 
fat. After this, pass to the cutting 
process, and oi)eratc as before described. 
It is essential that ,care laj taken to 
stir the ingredients W'ell while adding 
the salt. When the separation lias 
taken plac^e, leave altogether ({uiet for 
Several hours, and then draw off the 
coloured under-lye ; 90 gal. of lye of 
26° should then be added; increase 
the heat, there being strong lye at the 
bottom of the pan, which preserves 
the soap from burnii%. Boil this 
4 


mass from 10 to 12 hours, adding 
eveiy hour 5 gal. of lye of 25° ; 4 or 5 
hours’ l)oiling will often be sufficient to 
saturate the soap. This Ixjing accom- 
plished, extinguish the fire, leave it 
(pjiet for an hour, and then draw off 
the undcr-lj’^e. It will measure frctn 
2.')° to )f0° B. To com[)lcte the pro- 
eess, add alxiut 50 gal. of lye of 4° B. 
Let this lK)il gently for 1^ to 2 hours, 
stirring from time to time with the 
erutch, and finally extinguish the fire 
and cover the j)an. Tlie soap will 
separate from the lye, and rise to the 
top. After 5 to 6 hours, wliile yet in 
a liquid shite, pour it in the frames, 
taking due care that no lye is mixed 
with it. In the frames it should be 
well stirred for some time. For neu- 
tralising tlie disagreeable tallow odour, 

1 to 2 oz. of a w’ell-scented essential 
oil should l)c added to 100 lb. of the 
sojip, and after 7 to 8 days it may be . 
cut. 100 lb. of tallow will yield about 
170 lb. of som). 

Tallow Kesin Soaps.— Resin, 
incorporated with a soap, to a certain 
amount, will make it more soluble and 
detersiic. The lighter the resin the 
more it is valued ; 1 5 |)er cent, of resin 
with 85 per cent, of tallow is allowable, 
but beyond that limit the soap loses 
in colour, in firmness, and quality. 
Even for the cheapest article the 
quantity of resin should not exceed 
33 per cent., otherwise the soap will 
be soft, and unprofitable to the con- 
sumer. The resin can be saponified 
with alkali ; 12 gal. of lye of 30° B. 
are needed for every 100 lb. of resin. 
Some Boapmakers melt it with the fiit 
at the commencement of the boiling 
for soap, but a much better product is 
obtain^ by first producing a tallow 
soap, and afterwards mixing the resin 
soap with it, made in the meantime in 
a special kettle. Both mixtures have 
to be stirred and beaten thoroughly 
for lialf an hour, and the whole passed 
through a sieve before they are filled 
into the frames, and therein well stirred , 
and crutched. Some palm oil, when 
saponified with the tallow, very much 
improves the appearance of the soap, 

N 
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Transparent Soaps are prepared 
by dissolving well -dried soaps in alcohol ; 
but all kinds of soap cannot, with 
equal facility, be thus transformed. 
It is difficult to work up into a solid 
. consistency soaps made of olive oil, 
when treated with alcohol, and they 
invariably assume the opaque form. 
A good suet soap should always be 
preferred, and resin tallow soaps r^ily 
yield yellow soaps of a remarkable 
transparency. The first step neces- 
sary for making these soaps transpar- 
ent is to cut them into very thin 
ribbons, which can be done with a 
knife, or with a soap-mill. The soap 
is extended on strong paper, and ex- 
posed to the air and sun until it is 
thoroughly dried. It is then pulverised 
in a marble'mortar, and pass^ through 
a fine sieve. The powder thus ob- 
tained is directly dissolved in strong 
boiling alcohol. While the soap is 
liquid, the colours and perfumes are 
incorporated with it. Three and a 
half gallons of alcohol of the specific 
gravity of 0*849 are generally used to 
60 lb. of soap. A still, heated by 
"steam or hot water, is used for this 
operation, as a considerable quantity 
of alcohol would be lost in a common 
heating pan, and the direct application 
of fire would destroy the bwuty and 
transparency of the soap. 

MiscellaneouB Beceipts. — 
Purifying and Bleaching Bone Pat 
for Making, — ^Bone fat is ob- 
tained, by steam under pressure, from 
bones, and is often used in soap 
making for brown, mottled, and manu- 
facturer’s soaps. The soaps made 
tbere&’om are deficient in firmness and 
body, unless some other fat is used in 
conjunction with it. Before bone fat, 
bone oil, or bone tallow, as it is indis- 
criminately called, can be used, it is 
required to be bleached somewhat, so 
as to remove its brown colour as much 
as ppssible. The amount of caustic 
^yBoda required to saponify it is 13*87 
^ per^nt,, and that of caustic potash 
• "W-'K' per cent. <The fat contains 
watef', ^m a, trade to 2 per cent., also 
about per c&it., of n^eral matter, 


and many impurities that have to be 
removed before it can be used for soap 
making. To remove the impurities dis- 
solve 2} lb. of chloride of zinc (this is a 
very poisonous substance to handle), 
then boil 100 lb. of the bone fat from 
I 6 to 8 hours in the solution ; afterward 
as a further purification raise the tem- 
perature of the fat to 167° F., then put 
in 2 lb. of soda solution of 34° to 36° B., 
and 1 lb. of sodium chloride (previously 
di88olve<l in water) to every 100 lb. of 
the bone fat. Keep stirring the fat 
wliile adding these ingredients, .and 
then let the mixture rest quietly for 
some time. Afterwards pour off the 
clear fat into wooden vats and allow 
it to cool down to 106° F. 

To bleach this purified fat make a 
solution of 8 oz. of bi-chromate of 
potash in boiling water (cold water 
I will not dissolve such a large quantity 
of the salt, and even at this tempera- 
ture the s^t win crystallise on cooling 
a few degrees), mix this with 82 oz. by 
weight of fuming hydrochloric acid, 
then pour this mixture into the puri- 
fied oil slowly at 106° F., constantly 
stirring, and continue to do so until 
the greenish colour changes into a 
yellowish one, then wash the fat by 
means of water, using a sprinkler to 
do thii. Two per cent, of perman- 
ganate of potash followed by a 2 per 
cent, solution of oxalic acid, renders 
the colour brighter. Wash the bleached 
fet so as to remove all traces of the 
oxalic acid. 

^covering Qlyoerint from Socm 
Boiler's I/ye, — Glycerine is obtained 
as a lye product in making soap. For 
many years the lyes were thrown away 
as waste, but now considerable quan- 
tities of glycerine are recovered. 

When a metallio salt or one of the 
idkalies, as caustic soda, is added to 
tallow, a stearite of the metal (common 
soap is stearite of sodium) is formed, 
whereby the glyoerine is eliminated. 
This valuable lye product is obtained 
in the waste lye, and has formed' the 
object of several patents, but thenb 
is srill much room for improvement^* 
As these processes are all patented. 
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they can be worked only under a being heated, and allow the aqueous 
royalty, and therefore details cannot vapour to escape ; and when thus con- 
be given, but the following method or centrated, saponify the liquid with 
process is sufficient to enable any one lime to eliminate the glycerine ; water 
to underbike the recovery of the gly- is at the same time exj^elled, but 
cerine from the spent lye. this is removed from the glycerine by» 

Draw the lye off from the soap-pans, evaporating the mixture, 
this contains a large quantity of water, 
some salt and soap, and a small {|uan- 
tity of glycerine, and the great trouble 
is to concentrate the lye st) that the 
large quantity of water is eliminated, 
sometimes 1 0 to 12 days being occupied 
in doing this. The soap and salt arc 
easily removed. 

To remove the soap run the lye into 
a series of tanks alternating in size, 
step-like, so tliat »is the first, which 
should be the largest, becomes full, the 
liquor will flow into the second, from 
that into the third, and so on ; by 
this arrangement the resinous and 
albuminous matters will settle, and 
the soap still contain<?d in the lyes 
will float on the surface, from whicli 
it is removed by skimming. 

After thus freeing the lye of the 
solid impurities, convey the purified 
lye to the glycerine recovering depart- 
ment (wooden troughs or pipes may •-^cncv-- 

be used to do this,) and after concen- 
trating by hejiting it in a steam 
jacket boiler, and allowing H to cool 
somewliat, ladle out the solid salt that 
separates, and afterwanls concentrate 
the lye by allowing it to flow into a 
tank, but before doing so let the fluid 
come into contact with a hot blast of 
air or super-heated steam, whereby 
the crude discoloured glycerine is ob- 
tained. This is further purified by 
heating with animal charcoal to de- 
colorize it, then distilling several times 
in copper stills with super-heated 
steam. The chief points to attend to 
are the neutralising and concentrating 
the lye as much as possible, then sepa- 
rating the salts and solid matter, and 
afterwards to concentrate the purified 
lye and mix this fluid with oleic acid, 
oil, t^low or lard. The mixture is 
then heated to 338° F. in a still, by 
steam, and the heat gradually raised 
to 872° F. Stir thes liquor whilst 
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Soda. 

(See also Alkalimetry, 
and Ci.EANsiNG and Scouring.) 

iTfis not within the province of Work- 
sliop Receipts to treat of the manu- 
facture of soda, for it requires an 
enormous plant and outlay, with con- 
siderable skill and the employment of 
skilled labour, but there are a numlier 
of useful purposes that soda is put to 
which may be described. As a clean- 
ing agent its powers are well known, 
and for varioiis uses it is probably a 
substance mentioned in different parts 
of these volumes more often tlian any 
other. These, however, need not l)e 
repeated. The basis of soda is the 
metal, sodium, the salts of which are 
most abundantly distributed. Common 
salt is chloride of sodium, wliile washing 
soda is crystallised sodium carkmate ; 
the nitmte, carbonate, and sulphate 
also form considerable geological de- 
posits, and the silicate occurs in many 
minerals. The metal, like potassium, 
(V-n be prepared by electrolysis, but 
less easily. A second method is by 
decomposing caustic soda with metallic 
’ iron at a white heat ; and a third, 
which is that adopted on an industrial 
scale, consists in igniting a mixture of 
soda carbonate and charcoal, theojMjra- 
tion giving rise to no risk of explosions 
as is the case with potassium. In 
practice, 66 lb. common soda-ash is 
well ground up with 28J lb. slack or 
Small coal and lb. chalk, and the 
mixture is put into an iron cylinder 
3 ft. 9 in. long, and 5 in. in diameter, 
coated with fire-clay ; this is intro- 
duced into a reverberatory furnace, and 
heated to whiteness ; its ends are closed 
by iron plates, one being traversed by 
a‘ 1-in. iron gas-pipe, tlu-ough which 
the gases and so^um vapour escape, 
the ktter being condensed by passage 
through a cooling receiver and falling 
inte; a dry iron pot placed beneath, 
* while the escaping carbon monoxide 
bums with a yellow flame and forms 
no explosive compound. The operation 


I is made nearly continuous by arranging 
the cylinders in sets in the furnace, 

1 aiul discharging and recharging them in 
' turn. Tlie actual prwiuct is only about 
, one-third of the theoretical yield, owing 
to losses incurred by part being volati- 
lised and burned, part adhering to the 
, receiver, and part being imperfectly 
reduced. The metal thus obtained is 
pure enough for general use, and only 
needs to be remelted and cast into 
rods 1 ft. long and 1 in. thick ; these 
will keep in dry air in closed vessels 
for a long time, becoming covered 
with a tliin coating of oxide which pre- 
serves them from further attack ; but 
small pieces should be stored under 
petroleum. 

“ W. P. Thompson lias proposed a 
novel method of preparing all the 
alkali metals which, if successful, would 
greatly reduce their cost. The re- 
ducing agent used is liquid iron, either 
alone or in conjunction with hydrogen 
or carlxm, the oi)eration being per- 
formed in an apparatus resembling a 
Bessemer converter. In the prepara- 
tion of swlium, iron mixed witli an 
' equal (quantity of carbon is treated 
with caustic soda in the converter, and 
the sodium said to be formed under 
these circumstances is simply distilled 
off.” (‘Analyst.’) Tliis does not 
appear to offer mucli advantage over 
, Gay-Lussac and Th^nard’s process, 

' already mentioned (the second method 
spoken of). 

Metallic sodium has a silver-white 
colour and lustre ; it is hard at — 4° F. 
(- 20® C.), very ductile at 32® F. 

, (0® C.), of a waxy consistence at ordi- 
' nary temperatures, semi-fluid at 122® F. 

! (69® C.), and melts into a mercury-like 
j liquid at 204° F. (9.6 J® C.) ; it oxidises 
in moist air, volatilises at a red heat, 

, and has a sp. gr. of 0‘9736 at 66® F. 

; (13 J® C.) ; in the conductivity of heat 
and electricity it ranks after gold, an,d 
in electro-positiveness after sUver, 
copper and gold ; it forms with potas- 
sium an alloy which remains liquid 
below 32® F. (0° C.), if more ^n 16 
parts potassium are combined with 10 
I of sodium. It is commercially eiXL' 
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ployed as a reducing agent in the pre- 
paration of other metals (aluminium, 
boron, magnesium) ; and “its amalgam 
with mercury is largely used in phice 
of mercury alone for catching fine and 
dirty gold in the apparatus employed 
for treating auriferous ores. 

Carbonate of Soda. — In work- 
ing to chemicjil recijxjs it should be 
noted that when carl)onate of soda is 
mentioned, it does not often mcjin 
washing soda. The latter, wl>en speci- 
fic^l, is given its own name, or may lie 
mentioned as s(Mla crystals or ssd-soda ; 
for although it certainly is cjirkmate 
of soda, the ciystals are chiefly nia<le 
up of water — the water of crystidlisa- 
tion. 100 ^Mirts of washing soda con- 
tain 37 jMirts of cjirlH)nate of soda and 
03 parts of water. Pure dry oirlxjnate 
of soda has the formula (NajCO,), 
while washing soda is NajCOjlOHjO. 
It follows that in etfectiveness 37 
parts of the 1)01X3 airbonato are equal 
to 100 parts of the w-ashing crystids, 
and calculating on this Uisis either can 
bo used in working out a recipe. 

Bicarbonare of Soda.— This is 
carbonate of soda converted to bicar- 
lK)natc by passing carlKinic acid over 
it until it will alworl) no more. It cjin 
be very chejqily pnxluced. T^iis is one 
of the chief ingredients in liaking- 
powders, seltzogene jiowders, etc. 

Sulphate of Soda or Glau- 
ber’s Salt. — The making of this re- 
quires large plant and an experienced 
staff, but the following is a brief out- 
line of Leblanc’s process. Common 
salt (chloride of sodium) in a niwler- 
ately fine state is fed into an iron 
still, and the necessary proportion of 
sulphuric acid (oil of vitriol) is run into 
it. A chemical action immediately 
takes place, and as soon as this ceases 
heat is applied to continue it as far as 
possible. The result of this is the 
evolution of hydrochloric acid vapour, 
while the remaining mass is neutral 
Bulpliate of soda, As the hydrochloric 
acid produced is a valuable product, 
this is recovered by causing the vapours 
to pass up several tqjvers which are 
cooled with running water. Here the 


acid is condensed and collected. The 
rough soda sulphate when taken out 
of the still is first dissolved in water, 
then crystallised out. 

Caustic Soda (Sodium Hydrate). 
This is a substance requiring larger 
plant and an experienced staff for^ts 
production on a commercial scale. The 
process resembles that of sulphate of 
I soda right uj) to the production of the 
! raw soda cake and hydrochloric acid. 

I The sotla aike, after l)eing broken up, 
is mixed with limestone and coal and 
heated in a rcverl)crating funuice, the 
production l)eing an impure carbonate 
of soda. This is made into a fluid 
; w'ith water, then subjected to heat 
and evaporated to a dry condition, the 
result being what is called soda ash. 
This latter material is again dissolved 
I in water, and a certain amount of 
1 slaked lime added, which on Ixiiling, 
produces caustic soda, with carbonate 
I of lime as a by-pnaluct that could be 
I dispensed with. The liquid caustic 
I soda is then heated to a dry state, the 
I heat Ixiiiig continued until the residue 
. is fused. This fused mass is then 
[ {xiured into jKins to cool, and makes 
I the fibrous cakes of caustic soda as 
usually obtained. A small quantity- 
could lie made by first melting some 
j carbonate of soda in xvater, adding a 
I thin solution of lime, and boiling to- 
; gether. The result would be a solu- 
tion of caustic soda. 

Stannate of Soda.— Take 4 parts 
of caustic sotla and 2 parts of powdered 
native oxide of tin (tinstone) and fuse 
them together. When melted, add a 
small quantity of hot water, then allow 
to settle and decant oft' the top clear 
Ikluid. Heating and evaporation will 
reduce this liquid to fluid stannate, 
while further evaporation will cause 
crystallisation. The crystals can be 
separated from the remaining liquid 
(when cool), and after lightly washing 
are dried. The remaining liquid mate- 
I rial can l)e evaporated to dryness, and 
i this with the insoluble part, fronf 
’ wliicli the liquid was decanted, can be 
added to the next lot made so as to 
pivvent waste. 
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Silicate of Soda or Water- 
Glass^ — Boil together, under pres- 
sure, ground flint and a strong solution 
of caustic soda. Or heat together in 
reverl:)eratory furnace 100 parts soda 
''ash, 180 parts white sand, and 3 parts 
charcoal. This substance resembles 
glass, but is soluble in water. As a 
rule it is not obtained in a hard mass, 
but in a thick solution like syrup. 

Testing Soda Solution for 
Boilers. — To test the strength of a 
soda solution a salinometer is used, 
this being a simple instrument (like a 
milk tester) which sinks more or less 
in a liquid according to its density or 
powers of buoyancy. Thus, if a solu- 
tion of 50'^ to 54° density is required, 
the right strength can be tested by 
floating the instrument in the fluid, 
and if it sinks to a mark between 50° 
and 54°, it would be correct. If it 
sinks. too low, i.e., to a figure below 
60°, then more soda is added ; while 
if it does not sink to 64° the solution 
is too strong and more water is needed. 

If a large quantity is required, the 
whole n^ not be r^e and tested in 
this way. It will be sufficient if a j 
certain quantity of water — 1 gal. or , 
5 gal.— be taken, and the quantity of | 
80 ^ needed to make this of right 
strength accurately noted. This will 
give the weight of soda required per 
gal. for the whole bulk of water to be 
treated. 

The Use of Washing Soda 
in Mixing Cement. — The effect of 
using washing soda in mixing Portland 
cement is to make its preliminary 
setting very rapid. As an agent to 
cause cement to harden quickly, soda 
serves a certain useful purpose, but 
beyond thi& its presence may prove 
harmful. It will be seen that it 
amounts to mixing a soluble substance 
with the cement, one that can be 
washed out by rain or other wet 
influenqes, and this must leave the 
cenjent porous to a slight extent. It 
• •‘willaiLBO, due to the wasliing out, show 
a salty bloom oh the work on d^days. 

To Clean Diecqloured Wash- 
ing Soda.— Washing soda goes a had 


colour with age, and is usually put to 
dish-tub wasWng and not for clothes 
washing. Such soda may be cleaned ■ 
to a fair extent by washing it in a 
little cold water, then draining off the 
dirty liquid and drying the soda in a 
warm oven. The correct way of clon- 
ing the soda, if possible, is to calcine 
it, then dissolve in water and evapo- 
rate until it crysttillises out again. 

Common Terms for some 
Preparations of Sodium. —(Com- 
mon or hible salt, chloride of sodium ; 
Glauber 8 salt, sulphate of sodium ; 
marine salt, chloride of sodium ; salt 
of soda, carbonate of sodium ; washing 
soda, carlx)nate of sodium (hydrate) ; 
wonderful salt, sulphide of sodium ; 
baking powder, bicarbonate of soda, 
with tartaric acid. 

Bemoving Soda Stains.— (a) 

If soda should stain an oak floor, it 
must be bleached out as follows. Mix 
' a little chloride of lime with water to 
; a paste, spread it thinly on the stained 
' part and let. it remain lialf an hour. 
Remove witli a sponge, and apply to 
the part a solution of 1 part of hydro- 
chloric acid and 9 parts water and 
leave for another half hour. The 
marks should now l)e gone, but it may 
be found that some of the colour of 
the wood has l^een blejiched out also, 
and this must be toned down with 
a little colouring matter. Vandyke 
brown dissolved in ammonia is suit- 
able, but every care must be used in 
applying it sparingly as too light a 
tint is easily darkened, but too dark 
a colour is not easy of remedy. 

(h) Soda-water will quickly mark a 
polished wood surface. The liquid 
should be wi{)ed off directly it gets on, 
if possible, failing which a rubWng 
with linseed oil may restore the jiart. 
If this fails repolishing must be resorted 
to, first cleaning the place with finest 
glass-paper. 
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Solders, Soldering and 
Brazing. 

{See also Allots, Lead Burning, 
Tinning, etc.) 

Soldering is broadly divided into two 
kinds of work, soft soldering and hard 
soldering. With the former, the 
solder is composed of lead and tin, 
while, with the latter, the solder 
(spelter) is composed of copper and 
zinc, with occasionally silver. In 
making up soft solders it is important 
that no zinc enter in the composition. 
Hard soldering is better known as 
brazing, and, as a matter of course, 
hard solder can only be used with 
metals that will withstand the heat 
necessary to melt the solder. 

Soft Solders (for tinman’s use, 
lumbers’ wiped joints, and the mouth 
low-pipe. 


1 


Melting 

Tempera- 

Uses. 

• 

Tin. 

Lead. 

ture in 
Degrees 
Fabr. 

1 

3 

480 1 

Coarse plumbers’ 
solder 

1 

2 

440 

Good plumbers’ 

. solder 

3i 

6 


Fine plumbers’ 
solder for seams, 
angles, etc. 

1 

1 

370 

Ordinary copper 
Ijit 

li 

1 

334 

Fine tinman’s 


1 

834 

Ordinary blow- 
pipe 

2 

1 

340 \ 

Fine and harder 

#3 

1 

366 

blow-pipe sol- 
ders 

4 

1 

360 ) 

• 


Hard Solders, or Spdter 
(for Brazing). 


Copper. 

Zinc. 

Silver. 

Uses. 

2 

1 


m 

Hardest, for iron 


1 


Hard, for iron and 
copper 

1 

1 


Ordinary, for brass 
& copper (melts 
at lowest tem- 
perature). 

1 


4 

Hardest 

1 

1 


2 } 

j General use 

1 


1 

1 Softest, but will 
not burn 


Solder for Aluminium. — A 

patent of recent date, filed in the 
U.S.A. patent office, reads as fol- 
lows ; — 

(rt) I melt together, for heavy work, 

5 parts of tin, 4 parts of lead, and 
then add to this 6 parts of melted 
aluminium. I then add 1 part of 
zinc, and after mixing the same thor- 
oughly, iK)ur the composition into 
moulds and allow the same to harden. 
For small or lighter work, I vary the 
proportions in the following manner : 

6 parts of tin, 5 parts of le^, 4 parts 
of aluminium, and 1 part of zinc. 

The above compositions form an 
alloy which melts at a considerably 
lower temperature than the aluminium 
or parts to be soldered, and I find 
that no flux or scraping of the alu- 
minium to remove the oxideis required, 
and that the oxide that forms on the 
aluminium will not affect the joining 
of the metals or parts when the proper 
heat is obtained. It is understood, 
of course, that the last-named compo- 
sition melts at a lower temperature, 
and is preferable for light and delicate 
work. 

In employing this solder itisundef- 
stood that the usual brazing fire of 
gas and air for imparting a £igh heat 
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is used, and into which the aluminium 
or part to be soldered is placed, it 
being advisable to avoid having too 
much back heat from the bricks. 
The parts to be soldered arc heated 
until the outer surfaces brighten or 
“^slightly soften. It is best to keep 
the solder near tlie flame, so that when 
a joint is heated sufficiently the solder 
is ready to melt and drop thereon 
in sufficient quantities to solder the 
same, after whicli a small paddle is 
used to smooth over the joint. It is, 
of course, understood that if the alu- 
minium should get too liot ft should 
bo allowed to cool for about one 
minute. When the joint is finished 
it should be allowed to cool slowly — 
that is to say, it should not be pLiccd 
iu water, for a quick cooling is apt to 
crack the soldered joints. I have 
found that after a joint is cooled and 
finished it has the apfHjjirance of pure 
aluminium, and will not oxidise or 
tarnish. (‘ American Macliinist. ’) 

(b) Melt together 5 parts tin, 4 
parts lead, and add 6 parts melted 
aluminium. Then add 1 part zinc. 
Mix thoroughly, mould ami cool. For 
light work, 6 parts tin, 5 parts leful, = 
4 parts aluminium, 1 part zinc. No 
flux needed. The second melts at 
lower temperature. Employ with the 
usual brazing flame. 

(c) To make the solder, use the 
following : Bismuth 10 parts, zinc 30 
parts, and pure tin 60 i»irts. Melt 
the bismuth and zinc first, then add 
the tin ; pour the whole into moulds 
about 1 ft. long and about the size of 
a pencil. To do the soldering I use 
a stick of solder, an old nickel alu- 
minium spoke, and a blow torch. 
Hold the pieces to be soldered in a 
vice or any convenient place, apply 
the flame from the torch to them 
until they are hot enough to melt the 
solder when it is applied, then scrape 
the surface to be soldered with a file 
or scraper. Melt the solder on to eatdi 
piece and work it around with the 
■Spoke ; now hold the parts together 
in front of the flame, move the torch 
away and let them cwl, and the mend 


for Alummium. 


will be as strong as if it never was 
broken. (‘ English Mechanic.’) 

(d) In Fsince' five different admix- 
tures of jiluminium, copper and zinc 
are used in making solder for alu- 
minium. They are as follows : — 


Aluminium, parts by) 
weight . . . . j 

12 

9 

7 

6 

4 

Copper, ditto . . . 

8 

6 

5 

4 

2 

Zinc, ditto .... 

80^ 

85; 

88 

90 

94 


The aluminium and copper are first 
melted together, then the zinc is 
added. The co])per is first melted, 
and the aluminium, divided into three 
<>r four portions, is gradually introduced 
into the melted copj^ier, a perfect mix- 
ture being effected by stirring. When 
tlielast |Sjrtion of aluminium has been 
added throw in the zinc, and at the 
same time some fat or resin, then stir 
(juickly and briskly, immediately 
remove the crucible from the fire and 
pour the alloy into iron moulds pre- 
viously rubl)^ with coal tar oil or 
hmzene. 

For soldering aluminium w/tA the 
Uow-pipc the following composition is 
recommended : Silver, 10 parts ; cop- 
per, 10* aluminium, 20; tin, 60; 
zinc, 30. 

For soldering with the common 
soldering/ iron use : Tin, 95 parts, and 
bismuth, .5 ; or tin, 97 parts, and 
bismuth, 3. The flux to be used in 
all cases is either jjaraffin, stearin or 
vaseline. The articles must be well 
cleaned Insfore soldering, and heated 
just enough to make the solder adhere. 

(c) SMerm/f of Akminium Bronze. 
To solder aluminium bronze with ordi- 
nary soft (pewter) solder : Cleanse 
well the i)artH to be joined from dirt 
and grease. Then phice the parts to 
be soldered in a strong solution of 
sulphate of copper, and place in the 
kith a rod of soft ii'on touching the 
parts to be joined. After a while a 
copper-like surface will be seen on the 
metal. Remove from bath, rinse quite 
clean and bright6n the surf^s. These 
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surfaces can then l)e tinned hy using 
a fluid consisting of zinc dissolved in 
hydrochloric acid in the ordinary way 
with common soft solder. * 

(/) Hidot's Sdder for Aluminium 
Brmize. — Lead-tin solder (etjual fwrts 
of lead and tin) with 12 ‘.5, 25, or 50 
per cent, of zinc amalgam. 

Solderine. — Melted with a match 
and retjuiring no flux. This is a special 
solder sometimes used by electricians 
for snijill wire joints, and it has 
also Ixjcii sold as a solder for home 
use, though its (jualities fortliis Latter 
jmrposc are not very good. Have 
made some small tulxj of very soft 
solder and fill this wdth powdered resin. 
This is all that is necessary, and it 
may be used with a match flame or any 
heated object. 

Cold Soldering.— Various nos- 
trums Imve lieen proposed from time 
to time which profess to be reliable 
methods of soldering without heat ; 
but, when tried, they have generally 
proved to Ikj useless. The following 
recipe, wliich is due to Fletcher of 
Warrington, will be found to be more 
trustworthy. It must 1x3 borne in 
mind that, though the first prefiara- 
tion is tedious, a large ([uantity of the 
materials can be made at once, and 
the actual soldering process is as simple 
and quick as it well can be. 

Flux.— I imrt metallic sodium to 
50 or 60 of mercury. These combine 
on lx3ing shaken in a bottle. If this 
is too much trouble the sodium amal- 
gam can be Iwught, ready made from 
any chemist or dealer in reagents. 
This sodium amalgam must l)e kept in 
a stoppered bottle closed from the air. 
It has the property of amalgamating 
(equivalent tf> tinning by heat) any 
metallic surface, cast iron included. 

Solder. — Make' a weak solution of 
copper sulphate, about 1 oz. to 1 qt. 
of water. Precipitate the copper by 
rods of zinc. Wash the precipitate 
two or three times with hot water, 
drain the water oft*, and atld, for every 
3 oz. of precipitate, 6 oz. or 7 oz. mer- 
cury ; add also a little sulphuric acid 
to assist the combiuatif)n of the two 


I metals. When combined, they form 
a paste which sets intensely hard in a 
few hours, and this paste should be 
made, whilst soft, into small pellets. 

When wanted for use, heat one or 
more of the pellets until the mercury 
oozes out from the surface in sn^ll*^ 
beads ; shake or wipe them oft*, and 
rub the pellet into a soft paste with a 
small mortar and jostle, or by any 
other convenient means, until it is as 
j smooth and soft as piinters’ white- 
i lead. This, when put on a surface 
; previously amalgamated by the sodium 
I and mercury, a<lheics firmly, and sets 
I perfectly hard in alK)ut 3 hoin>5. The 
[ joint can be parted, if ncccswiry, either 
I by a liammer and cold chisel, or by a 
heat alx)ut sufficient to melt plumbers’ 
solder. 

Dry Soldering. — The process 
consists in bringing the soldering plane 
of the hcjited soldering-iron in contact 
with the dry lead chloride. When 
the lead chloride is molted the solder 
is taken up in the usual manner and 
applied to the joints to be united. In 
tliis manner lead, zinc, copper, brass 
or iron can be re^ulily soldered with 
i lead with or without the use of solder- 
ing liijuid. This interposing role of 
le^ chloride for soldering purjwses is 
also valuable for metallic coatings in a 
dry way by melting one metol upon 
the other. The articles to be coated 
are brought successively or simul- 
taneously in contact with the melted 
. lead chloride and the metal which is 
to furnish the coating. According to 
the shape of the article to be coated, 
the melting may be effected either 
upon the article itself or the coating, 
accomplished by dipping the object 
into the melted substences. Copper, 
brass and iron can in this manner be 
coated with zinc, tin and lead. 

Expanding Solder.— A solder 
wliich expands on cooling is made of 
lead 6 parts, bismuth 1 part, and 
antimony 9 [larts (all by weight). 
This is useful for fixing metaJsin stone 
. or for filling cracks or holes. * 

I Soldering Fluids and Fluxes. 

A flux fulfils two purposes, (a) the 
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prevention of scale or oxide fonqation 
that occurs when metals %re heated ; 
(h) it aids the flow of the solder and 
assists in causing adhesion. 

(1) Killed Spirits" (known also 
^as cUoride of zinc solution). — ^To pre- 

this, take some hydrochloric acid 
(also called muriatic acid) and put 
zinc cuttings into it. An effervescence 
will at once take place and zinc should 
be added until tliis ceases. When the 
addition of zinc makes no disturbance 
the acid is said to be killed, and this is 
the “ killed spirits,” so largely used in 
certain kinds of soldering work. It 
is used for general purposes, including 
copper and brass, but not when there 
is the least difficulty in cleaning the 
joint afterwards, as active rusting is 
caused by tlie spirit if not carefully 
wiped off. This flux has a cleansing 
effect, and when used for soldering 
zinc it need not be “ killed.” 

(2) Resin, plain or with oil, is a flux 
for general use, and no injury by rust 
or other cause need be feared. It is 
largely used for lead and tin pipes. 
It is imperative tliat the surfaces be 
very clean, as this flux has no cleans- 
ing effect. 

(3) Tallow, or “ touch,” is com- 
monly used for lead soldering and has 
no objectionable features. 

(4) Gallipoli oil is used for pewter. 

(5) Borax is used for hard soldering 
or brazing. 

(6) The addition of a small quantity 
of sal-ammoniac to killed spirits (1 oz. 
to 1 lb. of spirits) increases the cleans- 
ing effect and overcomes the trouble 
with greasy seams. 

(7) Soldering fluid as used for soft 
Bol^mthe 'U,S. A. Arsenals. — Take 
killed spirits 1 part, ordinary commer- 
cial glycerine 1 part, alchohol (wood or 
grain) 1 part, and mix together. 

(8) To killed spirit add one-third 
its volume of spirits of sal-ammoniac, 
add about an equal quantity of 
soft water. This has no rusting 
eff^ on iron, and is an excellent 

•fluid. 

(9) QaudMt Fluid.— ¥ or copper 
and bronze. A mixture of finely 


pulverised cryolite and a solution of 
phosphoric acid in spirits of wine. 

(10) Mausers Fluid . — For copper, 
brass, and copper alloys. This consists 
of a solution of phosphoric acid in 
alcohol. Dissolve phosphorus in nitric 
acid and evaporate the solution to 
drive off any excess of nitric acid. Mix 
the syrupy mass with an equal quantity 
of alcohol. In use the phosphoric 
acid dissolves the oxide, and the com- 
bination, which melts under the sol- 
dering iron, is displaced by the melted 
solder which then comes in contact 
with the bright metal surface ex- 
posed. 

(11) A New Fluid . — Dissolve 1 part 
of lactic acid and 1 part of glycerin in 
8 parts of water. This is not corro- 
sive nor injurious to those constantly 
using it. It is said to be harmless if 
used for fruit tins. 

(12) Soldering Paste . — Mix starch 
into a chloride of tin solution until a 
tliin paste is obtained. It is often 
more convenient of application than a 
fluid. 

(1 8) Flux for Brazing . — The follow- 
ing is an extract fwm a patent filed in 
the United States. 

“ Among fluxes in use for hard sol- 
dering and brazing, borax has hitherto 
been l)eRt because, unlike other fluxes, 
it is equally applicable to all cases of 
brazing, and because it surpasses all 
other materials in dissolving different 
oxides. The use of this salt would be 
universal were it not for the fact that 
during the expulsion of its water of 
crystallisation by heat it intumesces so 
strongly that it is shifted from the 
place where it has l^een put, and often 
falls, together with the spelter mixed 
with it, into the fire. For this reason 
the operator must start with an excess 
of the flux, and must add more thereof 
during the brazing operation. Much 
material and labour would be saved 
therefore, if this objectionable property 
of borax were set aside. A further 
drawback to the use of this salt is that 
.the surfaces to be brazed must be care- 
fully cleaned before the borax is 
applied, and eren contact with greuy 
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or dirty fingers frequently spoils the well-known but unexplained fact that 
surface for brazing. By this invention alloys melt at a temperature less than 
the foregoing' objections a^e overcome the metals of which they are composed, 
by substituting for borax constituents Thus, if some common solder, com- 
which form sodium Ixirate during the posed of lead and tin, is heated to a 
brazing operation, Such constituents temperature much less than that of 
are boric acid and a sodium salt, like copper, it will amalgamate with aJR 
sodium carbonate. The action of the melt into the copper. For this pur- 
mixture containing sodium oirbonatc pose, however, the copper must be 
is as follows : — When the surface to perfectly clean. To clean it, mere 
which the mixture has been applied scraping with sand or emery paper is 
is heated, or even if tlic mixture is not enough ; for the heat would cause 
applied wet, the sodium wirbonatc oxidation, and thus continually recoat 
cleans the surface from grease and the it with oxide. We need, therefore, a 
like, and then frits itself on to the part solvent for the oxide which shall not 
thus cleansetl. The lK)ric jicid tends be driven ofi“ at the soldering heat, 
to intumesce somewhat ; but l)eing For soldering brass, copper, or tiiinetl 
intimately ' inixetl with the sodium iron, a solder is used comiwsed of lead 
carlxmate it is held in place thereby, and tin, called plumlxjr’s solder, and 
When the mixture is further heated, made hard, i.e., one lead to two of tin ; 
the carbon dioxide is evolved and medium, and soft, i.e., one lead to 
‘ sodium borate is formed. The latter one of tin. The copper or brass ie 
is anhydrous under these conditions well cleaned, and then covered with a 
and does not intumesce. The dis- little resin, or else with liquid chloride 
solution of the oxides from the motels of zinc, often mixed with sal-ammoniac, 
to brazed is very energetic an<l WTien heat is applied, the water in 
rapid. In wliat has been said it is i whic.h the chloride of zinc and sal- 
implied that the proportion in which | ammoniac are dissolved is driven off, 
the constituents ai'c mixed is such i and the salts then fuse into a liquid 
that sodium lK)rate is formed on heat- stete, in which condition they power- 
ing the mixture ; but either constitu- fully dissolve the oxides on the metals, 
ent may 1x5 used in excess of this pro- and allow the solder to adhere, 
portion without affecting the* inven- But plumber’s solder is weak, and 
tion. An atldition of sodium chloride would never do for jewellery, because 
to the mixture enhances the efiect by any trace of lead in or upon gold in- 
rendering the molten mixture more stently permeates deep into the metal, 
fluid. ” and renders it brittle. We thus require 

The following is the “claim” of a harder solder. This is to be found 
this patent by mixing gold with silver, copper, or 
“1. A flux for brazing containing brass. 
s(xlium carbonate and boric acid inti- Here, however, we are presented 
mately mixed together, sulwtentially with a fresh difficulty. The brass or 
as shown and described. silver is volatile, and at a great heat 

“2. A flux for brazing, containing might be driven off. Again, thochlo- 
sodium carbonate, boric acid, and ride of zinc and sal-ammoniac, that 
' sodium chloride intimately mixed answered as fluxes at the low tempera- 
together, substantially as shown and ture of plumber’s solder, must be 
described.” , 1 replaced by some solvent which bettar 

Jewellery Solder. — In the resists heat, 
manufacture of jewellery the first The danger of volatilisation of the 
essential operation is soldering. To morevolatile parts of a solder is guarded 
solder two pieces of metal together, gainst by heating the work well before 
^ an alloy is used which melts more the solder is put on, and a convenient 
easily tliah either of them. It is a flux is found in borax. 
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There is, however, yet another 
danger. If a small piece of gold is to 
be soldered to a large piece the small 
piece gets heated first, for its surface 
being large in proportion to its bulk, 
^ it absorbs heat rapidly. In conse- 
qfUence, the solder rushes oflF to the 
small piece and bathes it, leaving the 
larger piece dry. 

Moreover, borax presents difficulties, 
for it contains a great quantity of 
water of crystallisation, which causes 
it to bubble up when heated, and dis- 
lodge the work, and burst open joints 
in which it has been put. These 
difficulties may, however, be got over. 

First, as regards the borax, if it is 
melted (so as to drive off the water) 
into a brittle glass, and then finally 
ground up to an impalpable paste with 
the j)etroloum which has been descrilied 
for use with grisaille, it will give no 
trouble by bubbling. I believe this 
plan is new, and it is certainly effec- 
tive. 


■ may impart any heat it may retain to 
the pipe : it will be found easier to 
I wipe the joints if the solder is kept 
close to the pipe. On large jobs it 
. may pay to make a leatl collar, to 
catch the metal as it falls ; this collar 
is cut out of sheet leiiul alxjut 1 to 6 in. 
wider than the pipe, with two ends to 
; lap over each other. The collar is 
jHiar-shaped iKjfore fixing, and is gener- 
; ally supported by driving a chisel into 
the wall. 

The metal is usually splashed on the 
pipe by means of a splash -stittk— a 
j small stick cut and shaped like a 
I miniature cricket-l«it. Some plumbers 
carry a splash-stick made from hoop- 
iron, but the original piece of stick is 
much preferred, as it does not scratch 
the soiling, as the heat of the snider 
chars the wood, and makes it soft. 
The American plumlxir pmrs the metal 
on the cloth, anil allows it to run from 
the cloth on to the joint. If the 
metal is good and not too coarse, and 


In the next place, care should be 
taken to heat the larger pieces first. 
Thus, if a very small bit has to l)e 
soldered on to a large 
~ - thin surface, the heating 

should be done fromthe 
back of the bigger piece. 

Plumber’s Work. 
To make an upright 
joint. Fig. 116, get the 
metal well heated and 
use just before it becomes 
blood colour ; have a 
good iron in the fire ready 
for using. Having pre- 
pared your pipe (to enter 
about a quarter of an 
inch), next get some 
Jto. 116. shaving or paper, and 
make a collar to catch 
the metal as it falls, after being 
splashed upon the cleaning where 
t the pipes are to be jointed. The 
collar is usually made with shavings 
worked into a wisp, and tied round 
»the pipe close up to the joint, lettv- 
ing alwut 2 in. space between the 
bottom of the cleaning and the collar, 
BO that the Bolder lying upon the collar 


the plumber is .an atlept at his work, 
j the joints may be made without an 
iron ; but the usual method is to use 
' an iron on soil-pipe work. The iron 
! should be well heated to a blood colour 
I and cleaned with an old file, called a 
! rubber^ before the plumber has it put 
into Ins hands. It is the heljier’s 
w'ork to see tliat everything is in order 
for the plumber when he is ready to 
wipe the joint. 

i For underhand joints. Fig. 117, the 
I pipe is prepared the same way as for 


upright or vertical joints, and the 
^etal or solder treated as before; 
the only difference in this work being 
the quality of the metal, which should 
be a little coarser than for upright 
work. It will be seen that it is gene- 
rally better to leave underliand joints > 
till the last, Ss the solder always gets . 
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coarser as worked. If tlie solder is 
too fine the tin will run to tli(‘ under 
part and pre\cnt the w<ti>ker getting 
away from the lM)ttoni of the joint. 
When the inehil is poured on for this 
joint, it should l>e gradually poured 
over the cleaning, always taking care 
tp keep the cold metal oft' the soiling ; 
this is done hy keeping the pipe w(dl 
heate<l, hy pounng, or rather throw- 
ing, the metal in small ijuantitics from 
the ladle. If the nuital is too hot it 
will he (juite a work to keep it from 
hurning through, hut, as practice is 
everything with the plumher, as it is 
with other trades, 1 can only stiy, “ If 
at first you don’t succeed, try again.” 

The j)roper length of a -l-in. joint 
should iM^i alH)ut d in. : under this 
length they look dumpy, and almve 
tins length they are more awkward to 
solder, .and the metal used is simply 
wasted. 

Overcast joints, Fig. 118, are seldom 
made hy mcKlern fdumhers now'adays, 
and never hy a good Euijlish workman. 



Fig. 118. 

There are different methods for making 
this joint — for instance that adopted 
by the French plumliers, who generally 
make the joint with a spirit-lamp, and 
the solder in sticks. The flame of the 
lamp is brought to play upon the metal 
and cleaning, and the solder gradually 
worked on the pipe. When he lias 
sufficient metal or solder placed upon 
the pipe, he works it round with a bit 
of greased cloth of any description, 
not, as we do here, with a tick or 
moleskin cloth of nice ])roportiou8. 
After he has formed the joint roughly 
he has a tool very like a small tumpin 
on a piece of iron wire ; this is used 
for giving the joint the finishing-touch, 
or to make it look as if overcast. The 
body of solder is warnmd up after the 
joint is formed, and tiie greased tum- 


pin-like tool rublied up and down the 
joint, giving it a ribbed or overcast 
appearance. I have heard a goixl deal 
said about French pluml^ers, but as 
plumbing is the art of lead-working, we 
must not throw discredit on the ability^ 
of the French memliers of the craSi, 
as we might learn a great deal more 
from them than most of us dream of 
in the art of working lead. 

A tafted block or flange joint is 
shown by woodcut Fig. 119. This 
makes a first-class connection for pipes 
not subject to any great change in 
temperature ; hot water should never 
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be let into pipes fixed in this way. The 
block liaving been fixed as before des- 
cribed, the joint is formed by tafting 
the female end of the pipe about to be 
united over in the form of a ledge to 
receive the solder, and then cleaning 
the tafted piece and the male end of the 
pipeabout 1 in, up, after which the joint 
is wiped. It is called a ‘ ‘ block joint ” 
only when supported on a wooden 
block. Care must bo taken to see the 
arris is not too sliarp, but nicely 
rounded to prevent the wood cutting 
through the lead : this is generally 
done by the plumber with his rasp. 
In first class work the joint should 
have a lead collar or flange about 3 in., 
wide, which is sometimes soil^ all 
over although many plumbers like to 
see a portion of the clean lead on the 
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outside of the collar. Fig. 120 shows 
the collar on plan with section through 
pipe, before preparing the cleaning for 
the joint. The reason why hot water 
should never be led into a pijje fixed 
with block-joints is tliat the sudden 
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expansion will soon cause the pipe to 
crack near the joints, owing to the 
contraction which follows in cooling 
after the hot water has passed, and 
which always tends to pull the pipe in 
two at the block, which is too stitt* to 
^low the pipe to expand and contract 
freely. 

Branch joints. Figs. 121 and 122, are 
those where the horizontal pipes enter 
the vertical pipe, and vice verm. They 
require mating very carefully, as the 
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least burr or raggedness on the inte- 
rior of the pipe would cause an obstruc- 
tion to the paper ‘and matter passing 
through it. One of the most import- 
ant things a plumber lias to contend 
^-witfi is to leave nothing for hair or 
paper to lodge upon at the joints. It 
» surprising to see the vast quantity 


of hair that will be taken out of a 
stopped waste pifm, either of lavatories 
or sinks of , any kind if stopped at the 
joints. The branch joints are j^re- 
pared in the following way Cut a 
slit in the pipe that is to Ihj branched 
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into, with a small round hole at ejwh 
end. If for a soil pipi widen out the 
hole with a bolt or bending pin, and 
when wide enough use the dummy, 
taking care to leave the lead standing 
up J inch at least above the pipe at 
the ends, and the sides level. Soil 
carefully as for other joints ; then 
mark round the prejwred portion itith 
the compasses or shave-hook, guided 
by the thumb and fingers, say 1 inch 
deep at the sides of the joint, inch 
at the ends, so that the cleaning looks 
a little bblong, see Fig. 1 23. Plumbers 
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generally shave their joints as m^ 
suited to their wiping, and practice 
usually determines the width of the 
cleaning. Any pipe branched into th^ 
main pipe should always have im easy 
fall towards the drain or sewer if used 
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for Boil or waste pipes ; for those under 
pessure it is not so important : still, 
it is better to have a rule.and adhere 
to it for all kinds of branches, and the 
rule is to let the joints enter the way 
the stream flows. 

When wiping branch joints support 
your pipe close to the joint, and have 
a board underneath to catch the metal 
as it falls from the cleansing when 
splashed on. A small piece of board 
should be placed under the pipe to 
support it and prevent it from sagging 
when making the joint, as it is very 
apt to do when heated. The branch 
piece should be securely fixed by struts 
to take the weight of it, or bo other- 
wise held firmly in its place when l)eing 
wiped, and not heavily weighted, as 
it would tend to flatten the pipe, the 
lead when warm giving way under the 
least pressure. Horizontal branch 
joints, or connections to horizontal 
soil or waste pipes, should have a fall 
where possible of 1 inch at least to 
every foot run, and more where con- 
venient. 

Where the soil pipe runs horizon- 
tally, as Fig. 122, it is necessary and 
important to pay careful attention to 
the ' position of the pipes w'here 
branched into each other, and it should 
be constructed in such a way as to 
allow a piece of wood equal to twice 
the diameter of the pipe to pass 
tluxjugh the horizontal pipe with the 
stream and enter the down pif)e ; a 
connection is bad, in fact, if inch 
pipe will not easily allow a match to 
pMB tlirough it, the usual length of 
which is ateut 2^ in., just double the 
diameter of a in. pipe. If the pipe 
that is to be branched into a horizon- 
tal one is upright, bend slightly or 
curve ^ the end of the upright pipe 
where it enters the horizontal soil 
pipe, to give it the rake or fall required 
to allow a free passage for the soil, etc.« 
without obstructing the passage in the 

Where short lengths of soil pipe are 
fixed instead of wiped joints, tdt, or 
round or bead joints, 124, are 
sometimes made, and <taay be used 


with safety if properly worked. These 

joints are very neat in appearance, and 

if well made are as strong and durable 

as any kind of joint that can be used ; 

the only drawback is that they must 

be made on the bench, 

or where the pipe can ^ 

be turned over, so that 

the metal may be floated 

on to the lead as the I 

pipe is being turned. I 

To prepare tliis joint, 
see tliat both ends of 
the pi])e about to be 
jointed are perfectly 
true and even, and then 
rasp the two edges on I 
the bevel, so as to form I 
a small groove, prepare I 

with soil, etc., as in I 

I making soil-pipe joint 
to take the metal. The 
joint, is made up with kjg. 124. . 
the metal by means of 
the hatchet bit, and then floated in small 
lengths with it. The bit is placed 
across the seam when floating or finish- 
ing off (not as in floating soil-pipe, 
the same way as the seam) ; as soon 
as the metal flows, lift up the bit and 
drop it on further round the joint, 
taking care that you do not allow the 
previous portion of the metal operated 
upon to set, otherwise the joint will 
present a ragged appearance when 
finished, showing clearly that the work- 
man did not understand the nature of 
the metal he used or the method of 
using it. 

It often happens, more especi^y 
when new work is being made good to 
old, that joints in very awkwaid and 
inconvenient places liave to be made, 
for instance between two 9 in. joists, 
with a ceiling under th^ipe, which 
must not be disturbed. This is a time 
when the plumber requires to put on 
his considering cap ; yet, with a little 
thought, the joints may be easily made, 
without either burning the hands or 
wrist, or in any way interfering with 
the quality of the work. To make a 
joint of this description, cut the pipe 
i away at the top side, nearly one-thud 
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through it, and say 4 in. long from 
the position where the two pi])e8 join 
each other, sc(' Fig. 125, on the under 
side form a gro > e, so as to receive a 
body of solder, ai.d shave the pipe 
^(.plean and solder it internally to the 
hJght cut away, taking care, of course, 
to leave the pipe unobstructed where 
soldered. Next make a capping-piece 
of sheet lead, and place it over the 
portion of the pipe cut away, and 
scribe the same on the \ soil the 
outside as for soldering, ano shave the 
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pipe and capping-piece, and wipe round 
in the usuad manner. Fig. 126 shows 
the section through inside joint and 
cap fixed in position ready for wiping. 
The result will be a joint part inside 
and part outside, the latter portion 
being on the top of the pipe ; this, it 
wiU be seen at a glance, makes a first- 
class joint. This system may also be 
, employed for making upright joints in 
cases where the wall must not be cut 
through, or Where you cannot get to 
the back of the joint to splash on the 


metal or wipe it, or the pipe l)eing 
fixed in faceil stonework which must 
not he cut S'Way. 

The sizes of plumbers’ wiped joints 
that arc usually worked to are given in 
the following table. In regivrd to the 
thickness, if the parts are prof>erly 
prepared and fittetl the diameter of the 
joint — the solder— at the centre should 
be about half as great again as the dia- 
meter of the pipe. 

Plumber’s Wiping Cloths.-- 
(u) A pair of navvy’s old fustian or 
' moleskin trousers make the l)est cloths, 

I but failing these, new moleskin, bought 
I of any working-man's Uiilor, can be 
used. The new material should be 
thoroughly washed to take out the 
dressing and make it soft. It should 
then 1)6 cut out and folded to the 
sizes given in the table below, and 
a little touch, or tallow, rubb^ on 
the working side. 

With new material the nap is rather 
long, and the solder clings to it ; but 
by slightly scorching it with a hot 
iron or gas flame this docs not take 
place quite so much. The fustian 
should be cut into strips, the width 
being equal to the length of the wiping- 
cloth, and folded with the undergrain 
of the material in the direction of the 
wipe when using it. The edges should 
he free, and the top corners only 
tacked with sewing thread. 




Size of Cloth in 

Number 

Dia- 
meter of 

Tjcngth 
of Joint 

Inches. 

of Foldti 
In 

Pipe in 

in 



1 

Thick- 

Inches. 

Inches. 

Under- 

hand. 

Upright. 

ness. 

i 

i 2i 

3} X 3J 

3} X 2} 

6 


2f 

4 X 3j 

4x3 

6 

1 


4 X3i 

4 X 3 

7 

u 

3 

4J X 4 

X H 

7 


H ' 

X 4 


,8 

2 

H 

4$ X 4A 

4 X 3i 

8 

3 


6 X 4j 

5 X3} 

9 

4 

3| 

6 x5 

6 X3J 

10 

5 

8f 

7 X6 

6J X 3J 

5|X3| 

10 

6 

4 

f 

8 x7 

11 
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(/>) If ticking is used, then there i 
are thi-ee kinds of lied-tick, namely, I 
col ton, union, and linen. Tlie union 
tick is the liest for making wiping- j 
cloths. The cotton stKm weara out 1 
Itecaiise it so easily scondies, ami the 
linen eventually lK*conies so sumoth 
that it does not “dr.ig” the sohlcr, 
hut slijis over it. Hut the liest mate- 
rial is moleskin, or fustian, which can 
he ohtiimetl from any working-man ’.s 
lail<*r. Old moleskin, however, is the 
liest. The iH'tler jurt." of nuv\ie.s’or 
engineers' old worn-out. moleskin or 
fustian trousers and jackets make very 
go(»d cloths. 

The size.s for wifiiiig-eloihs vary ne- ; 
ciirding to the ideas of the pluniliers ' 
who use them. rnderhand cloths j 
range from in. X in. for | in. j 
joints, to h in. x d iu. for 1 in. joints, i 
TYiigitt cloths vary from 2^ in. X } 
3 in. to ■\ in. x d in. for joints on i 
pipes from ^ in. to *1 in. in <liameter. 1 
Branch arc trom 2 in. x 2 in. to 1 in. | 
X 3 in., according to the size of the 
pipe. Wiping cloths for seams are 
similar to those for upright work, .iiid 
for angle wiping they are from 2 in. 

X U ^ ”*• ^ 
to the width of the shaving on the ! 
lead ; the first dimension in each case 
being the length of the cloth running 
from the wrist to the tip of the 
fingers when held in position for 
wiping. The cloths vary in thickness 
from 4 and 5 to 8, 10, and 12 folds, | 
according to the, thickness and softne.ss I 
of the material used, ami the sizes of ; 
the joints for making which they are 
to be employed. 

The fine ribs under the nap of the 
material sliould run lengthwise of f ho 
cloth. The wrist ends of the cloth 
should be sewn with needle ami thread, 
and the material should he folded at 
the fingers’ end, the sides lieing left 
loose ami optm. It is always advisable 
to use a plumbers’ iron when wiping 
joints. (‘ Plumber and Decorator.’) 

Electrically-heated Solder- 
ing Iron. — Arthur B. Weeks, writ- 
ing in the ‘ Scientific A>nc*’ican,’ des-. 
cribes a practical solderiug iron, or 


I copper bit, which can be heated by 
I connecting it up to an electrical cir- 
cuit. Fig. 127 illustrates the details, 

J tlie description being as follows ; The 
I core C can be made of iron or copfier. 
j (lut a f^-in. standard thread on ipiS* 
eml, leaving a shoulder so as to make 
a tight fit on wasfier A. At the 
opposite end the washer 
does not fit over the /\ 
core ; but a hole is / \ 
drilled for a screw | in. 

No, 20 round head, _ 

§ in, long. The dark ' „-M.. ^ 
lilies iiidicjito the mica ’ ^ “ 
lining. After fitting ' 

the mica on the core, ^ 

put micanite ring.s over 
each end. These will ^ 

assist iu liolding the ^ j 

mica in })lacc. The .IS 

lHi.st fit of mica can bo 
imwle by using thin 0 1 

pieces, and jwsting ^ 

them around until tl e § 

desired thickness is at- g D 

tained. The insulating ft 

washers at each cud ^ 

should l>e of the best cl 
micanite, commonly 
used for commutator 
segments, since if is free 
from mica cement, and r - In 
therefore very homo- T7 j 

geneous. : | 

The copper tij) can be j j 

made from an ordinary ‘‘l r 

soldering cupi»er, cut I j 

ott* drilled, ami tapiied. i j 

The outside shell can lie [i 

made of steel tulic with | j 

an end piece brazed on, 
and a tulsi, D, brazeil 
thereto. Several holes 
should Ihj tlrilled in this 
[ tube for free air circulation. Have 
' an ordinary tool-handle of wood. 

I The washer B serves also as a rest or 
1 guide for the outer shell E. The only 
point at which the shell is secured in^ 
any way is at the copper end, where 
4 or 5 small machine screws are used 
around its circumference. 

Before putting on the shell, and 
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after the copper is secured in place, 
all is in readiness for winding on the 
wire. This is the important part of 
the operation. German silver wire 
has been used with more or less 
., 5 uccess, but it is rather short-lived. 
Riupp iron wire is extremely desirable, 
and answers the purpose well. The 
writer has tried several sizes of wire ; 
for ordinary use No. 26 B. and S. will 
be found satishujtory. Put the copper 
in a lathe and pujs one end of the bare 
wire through a mica-lined hole close 
to the core, as shown on lower side. 
Much depends on this insulation. 
Wind cjirefully, spacing the turns 
about the tliickness of the wire, or a 
little more. When the first layer is 
wound, cover it over with mica, the 
same as was used on the core. Go 
not let the wire slacken at all. Wind 
the following layers in the same way, 
insulating carefully l)etween eiich. If 
properly proportioned, there is space 
for four layers of wire. The copper 
should heat sufficiently to make solder 
flow well in alwut five minutes. Since 
the mica will not endure excessive 
heat for long, the wire must l)e well 
proportioned. This win easily be 
ascertained by trial. (When the tool 
is in use, favour it as much as possible 
shutting off current.) When the 
fourth and last layer of wire is com- 
pleted, bring the end out through a 
well-insulated hole at the top of 
washer, B ; and where the winding is 
finished, pass a piece of bare wire over 
the last layer of mica, and twist it 
near the washer where the wire passes 
through, to keep the w'ire from slack- 
ing up. Tie again at centre and at 
further end, to retain mica. Make 
connections for asbestos- wrapped wires 
in the handle as shown. Make a loop 
at each end, a'hd pass a small stove 
belt through them. Insulate the bolt 
with asbestos ; allow a little slack in 
handle. Connect a lamp plug to the 
end of wires, S, allowing as much wire 
asHesired. As constructed, there is 
no way to tnake the wires fast to bind- 
ing posts ; this has simplified the con- 
struction, ahJ will be entirely satis- 


factory, provided the tool is not allowed 
to swing from the outside wire, S. 
To make this" part still more complete, 
binding posts can be set in, however, 
in the outer end of the handle, and 
providetl with suibible shell over them. 
Avoid using fluid flux too freely on 
the copper while at work, lest it find 
its way into the windings and cause a 
burn-out. 

This soldering iron shouhl take from 
1 to 2 amps, on 110-volt circuit. It 
can be connected to any lamp socket, 
and used in perfect sniety in places 
where there is great fire risk. It is 
especially useful where torches and 
gasolene stoves and charcoal pots are 
prohibitetl. The copper tips are re- 
newable. When the wire is rendered 
brittle from continued use and a break 
occurs, it is best to rewind rather than 
try to {latch it up, since it would not 
last long, but would continue to open 
right along. Tlie writer hiws used sili- 
cate of s(Mia with considerable success 
for cementing the wires in place. 
This can Ixj trietl later, and where 
greater heat is requii’ed with special 
soldering devices, or where wire pass- 
ing 5 to 8 amps, is used, and mica will 
not answer at all, some such medium 
must be used, unless the construction 
is such* that porcelain can be utilised 
for insulation. 

Where silicate of soda is used, the 
entire iron windings should be baked 
in an oven l)efore applying current. 
The material will then be solid 
throughout. 

There are few troubles incident to 
the use of an electric soldering iron. 
Usually if an iron fails to give out 
heat, it is due to an open circuit in 
the windings or at the connections or 
in the attachment plug. The attach- 
ment plug should 1^ fused. See that 
it is always intact. 

An open circuit may be due also to 
complete oxidation, as well as to fusing 
caused by a short circuit in the wihd- 
ings. Again, if the windings become 
grounded— that is if they touch the 
shell in pkices that would short-circuit 
the coil->thefuse will blow until ttm 
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jfeult is remedied. For this reason the ping to breathe — in fact, to render the 
insulation must be careful and thor- blowing perfectly independent of the 
ough throughout. Look yell also to breathing. How to do this is most 
the insulation where the wires pass difficult to describe. It comes as an 
through the washer, and cover them instinct to most users of the blowpipe, 
thoroughly with asbestos from the but many fail totally to produce a^ 
point where they leave the washer, | continuous blast, notw ithstanding tike 
using the previously mentioned mica pnicticjil aiul theoretical instructions 
paste. I which have so re|)oatc(lJy been given. 

In damp places it is well to stand ' It would appear, as nearly as the 
on a board while using the iron. In process can lie described, that the 
locations containing much irtui con- , cheeks are filled with air, and that 
struction, do not liandle any part of 1 whilst the breath is inhaled through 
such construction with one band, i the nose the mouth is closed at the 
while using the iron with the other, J back by lifting the liack part of the 
as a ground on the system may occur, | buigue (i»ot the tip) against tlie roof 
and should another take place on the of the mouth, the air being taken into 
opposite side while thus engaged, | the mouth by “ gulps ” and the cheeks 
injury is liable to follow. [ acting as an cla-stic reservoir. This 

The Plumber’s Blowpipe. — j Irecomes so cjisy to many constant users 
BlowpiiKis arc a me<uis of introducing of the blowpi|XJ that it is common to 
air, under pressure, to the internal find workmen who can keep ujt a steady 
part of an ordinary flame, in such a aiul heavy blast for 1 5 or ‘20 minut(*s 
manner as to sup[)ly rapidly theamount without the slightest break or irregu- 
of oxygen necessary for jwrfect com- larity, the breathing going on steadily 
bustiou. The quicker this oxygen can and without effort all the time, 
be mixed with the flame the higher Plunders and gasfitters fretjuently 
the temperature obtained and the hold the blowpi|)e between the teeth, 
smaller the flame— in fact, given a without any support for 
certain definite amount of comlmstible the tip, but very few can 
matter consumed in a certain time, hold it steadily so as to u 
the smaller the flame obtained, the ^t the best work out of 
higher its temi)erature. • it, as tlie jet of air must 

For exam})le, given two gas flames be directed into one exact 
consuming e<u;h 5 cub. ft. jKjr hour, ptnnt of the flame to 
the flames Ixjing of diflereiit sizes, the get the lest results, 
smallest flame has the highest tern- The difficulty of holding 
IKjrature, and is the most efficient for the blowpipe steadily is 
beating pur jxjses. It willliesocn tl at greatly reduced by sol- 
wheu a blast of air is directed into the dering on to the stem, 
middle of a flame, the size of the flame alx>ut 1 in. from the 
is instantly reduced, and, provided the opning, a prved plate of 
air 8up])ly is not in excess, the tern- tin or Britannia metal, 
perature of the flame is increased in shown in Fig. 1*27 a. ^ 
exact proportion to the retluction in With this addition, ^ 

^ its size. The simplest and most the blowpipe is not only 

generally used form of blowpipe is the held in the teeth, but W 

common plumber’s or jeweller’s pat- the plate, being curved Fjo. 127a. 
tern, and it is astonisliing what wonders to the shape of the mouth, 
can be done by this simple instrument forms a support to the lips, and 

with a little practice. increases the power of blowing witfr^ 

With tlie mouth blowpipe the first heavy pressure. The plate is some- 
thing to be learnt is the art of blowing times made small enough to go in- 
in a continuous streauP, without stop- side the lips, and is preferred by 

0 2 
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many when used in this manner. 
Whether used inside the lips or out- 
side, it is a great advantage, steadying 
the blowpipe, and reducing the labour 
of blowing very con8ideral>Iy. 

^ t. It may l)e ttiken, as a rule, that the 
mouth blowpipe cannot l)e used with a 
jet over ^ in. in diameter. Few Ciin 
use one witli a jet even this size, and 
the work wliich c<in 1)0 done by the 
moutli is therefore limited in dimen- 
sions. It is con.siderod a maximum 
feat for an average workman to melt 
an ohl cop|Xjr halfinmny on a l)lock of 
pumice-stone, and any one who caii do 
this may consider himself a.s good as 
j/he crowd, and better than a gcMxl 
many, so far as his blowing capabilities 
are concerne<l. 

Of the multitude of different forms 
of blowpipe none is .so well Huite<l to 
general i)luml)er.'i’and gaslitters’workiw 
the common taper lulie, curved to a 
right angle at the end, with the mouth- 
plate previously dcscrilKjd, It can l)e 
used to direct the Haine either to the 
right or left, without th(! assistance of 
the hands, and in the most confined 
and awkward positions. It is a com- 
mon practice to use with this blowjupe 
a tallow candle with a broad wick, but 
the power of this is not sufficient for 
many purposes. The advantfige of the 
camlle is that it is often useful to ob- 
tain a light in dark places . The candle 
may be very well supersetled by a 
small cup alxiut the size shown in 
Fig. 1 ‘2S, or a shade larger, packed with 
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slag-wool or asbestos, and covered over 
the top with wire gauze. Rising from 
thd sMe is a feather, with a tulie on 
top, into, which tlie blowpi[»e fits 
t^htly. When wanted for use, a few 
drops of spirits of wine, or a mixture 


of this and turpentine, must be poured 
out of a small bottle into the cup, and 
ignited This then liecomes practically 
a large flame eaiulle, which requires no 
holding, and therefore sets the hands 
at lilierty, the flame l)cing at the same 
time larger ainl more powerful than 
I that of an ordinary awidle. 

For soft soldering lead, tin, pewter, 
or Britiinnia metal, the common plum- 
lx;rs’ soft .soMer, containing two of 
Icjul and one tin, should Iks used, but 
for other and less fusible materials, 
where there is no danger of melting 
holes in the work, it is Inittcr to use 
pure tin or Britannia metal as a 
sohler. 

AVorkers in Britannia metal com- 
monly use as a solder thin strips of the 
sjiuie luetal as the Ixuly of the work. 
A workman witliout experience would, 
at the first attempt, melt l)oth work 
and solder at once, as lH>th would fuse 
at the same temperature. This, how- 
ever, can easily l>e prevented by direct- 
ing the |K)int of the blowpipe flame 
only on the solder (as it may l)e called), 
and making a jerking flame by repeat- 
edly closing the blowpi|)e with the tip 
of the tongue. This in terrnittent jerk ■ 
ing flame is of the utmost importance 
in all ^elicate work, as, by regulating 
the interval, it is possible to produce 
and keep an exact tetaperature, stop- 
ping, increasing, and rwlucing the heat 
precisely as it is required. By the 
use of this jerky flame the solder can 
be kept at cxfvctly the temperature at 
which it will work in a j)asty form, 
and weld up solid with the body of 
the work without ever beconjing pro- 
perly fluid. 

Tliis process of soldering, as will be 
seen when liard soldering is treated 
on, is precisely analogous to the ?, 'eld- 
ing of wrought iron; it is in fact a \\ eld- 
ing process, although commonly called 
stddering. To assist in sliaping and 
making a netit joint, a blunt metal 
point (usually steel or iron) is used, 
wliilst the solder is in a jxisty state, in 
the same manner and for the same 
imqMjse as a jjlasterer uses his trowel. 
Some good workmen affect to despise 
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the plast<jrerff* art as applied to solder- 
ing, hub usually they find out their 
mistake, and sooner or later adopt it 
for many classes of work. 

Of fluxes for soft solder there are 
four in general use. For zinc or iron, 
hydrochloric (muriatic) acid ; for tin, 
Britannia mehil, pewter, hrass, etc., 
the same acid in which ])itH of zinc 
have Iwen dissolved until it will take 
no more. This forms w hat is known 
as chloride of zinc, or “killed spirits 
of salt.” Powdered muriate of am- 
monia (sal-ammoniac) mixed into jviste 
with water, is eijually good, and more 
convenient to cany about, and many 
of the highly -praised soldering fluids 
consist of a mixture of the h\o last- 
mentioned compounds. Lastly comes 
common fMmdered resin, hut thi.s is 
not well suited for use with the hlow- 
pi]>e, and (h)es not allow the s«'lder to 
run so well and freely. 

It will, of course, l)e understood 
that in soldering bulky or hcjuy work 
the pfirts of the work ncivr the solder 
must Ije made hot enough, soswnot hi 
conduct the heat away, ora giMxl 
joint ojinnot lx? obtained. 

It is, therefore, necessary to have 
stune source of heat nuu’c powerful 
than either a candle or the suKstitute 
previously ment ioned, and inane<|ually 
])ort!ible form. The best 1 kin)w is a 



lamp made of tin, of the form illus- 
trated in Fig. 1 29, in whicli either spirits 
of wine, turpentine, or petroleum oil 
can be used. The wicl^ holder should 
be matle to take five or six thicknesses 


of soft wick, 1 in. wide, side by side, 
BO as to form a good body of substance 
to carry up the fuel freely and make a 
large flaring flame, as large as can be 
taken up by a full-sized blowpipe, and 
the full blowing power available. By^ 
raising or low'ci-ing the wick, tRfe 
flame may be made larger or smaller 
as re(iuircd for the work in hand, and 
a tin cap ivill extinguish it when done 
with. 

When a workman has to «arry his 
lamp alx)ut, the ci\y) should fit as 
chwely as jiossible, and a ring or loop 
sliouhl also be soldered underneath the 
wick tulie not far from the end, into 
wdiich a loop of chain or cord is fas- 
tened. If the lamp in hung by this to 
the handle of the tool basket, there 
neetl ki no fear of a mess, os the open 
end will always be upwards. The 
filling hole in the box must always be 
closed with a screw ctip or well-fitting 
cork. 

For odd w'ork, in places difficult of 
access, a more handy arrangement can 
Ixj mailc by dipping strips of soft flat 
wick in billow' and pliicing them, 
wliilst the tallow' is still soft, in a pile, 
squeezing them together so as to form 
a solid mass of w'ick, saturated w'ith 
bdlow', measuring, say, 1 in. by ^ in, 
in section. These blowpipe caudles 
or torches can l)e e.asily and cheaply 
made in quantities of any size, and 
should, when cold, k wraj)ped in two 
or thrio folds of jiaper, w'hich can be 
tom oil* close to the burning part as 
required. The jjaper serves as a holder, 
and catches any drip, provided too 
much tallow has not been used in the 
manufacture. 

Where available, there is no fuel to 
equal gas for general blowpipe work, 
ami in using the blowpiyie already 
referi-od to, with gas, it is usual to cut 
a notch or groove in the upper side of 
the open end of a | brass tube, so as to 
allow the top of the blowpijie to rest 
in it, pointing in the same direction as 
the o|)ening in the gas pipe. Tho% 
blowpipe tip should then be placed in 
the notch, and a wire bound round 
both in such a manner that the blow* 
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pipe i8 lield firmly in position, and still i 
can lie easily drawn out backwards. 
This arrangement forms a carrier for 
the blowpipe, wliich leaves the liands 
at liberty, and enables the whole j 
Ti^ention to be directed to the work ' 
in hand. A short length of tube made ^ 
like this could lie carried in the tool- 
bag, and connected to any available j 
gas supply. 1 

For hard soldering, where the solder 
used melts at a heat approaching red- 
ness, and sometimes at a still higher 
temperature, the same form of blow- ' 
pijie and the same source of heat are 
commonly used, except that as the 
work is usually done in fixed work- , 
shops, the sources of heat do not re- 
quire to be portable, and are therefore ! 

V usually confined to gas, or, where this 
is not available, to the lamp previously ! 
referred to, the lamp having fixed on ; 
the upper side of the wick tube, in a 
convenient position, a support of wire, ' 
or other material, to carry the front of 
the blowpipe. Sometimes the blow- 
pipe is made as a simple straight tube, | 
sliding in a loose collar, the blowpipe 
in this case being about 3 or 4 in. long. 
At the opposite end of the jet is fix^ 
about 14 or 16 in. of small indiarubber 
tubing (feeding-bottle tube), which is 
used for blowing. 

The sliding motion of the blowpipe 
is necessary, so that the jet can either 
be drawn l»ck, giving a large rough 
flare for general heating, or it can be 
pushed into the flame, so as to take up 
part only and give a finely pointed jet 
on any i)art where the solder requires 
to be fused. 

When gas is used, the sliding motion 
of the blowpipe is not necessary, as the 
flame can altered equally well by 
the gas tap, and it is therefore usual to 
i]^e gas blowpipes with fixed jets. 

The fluxes us^ for hard soldering 
may practictdlybe reduced to one, i.e. 
borax. No other is of sufficient general 
i^vantaM to be worth mentioning. , 

Fbr Drawing, where powdered or 
grain, spelter (a very fusible 'brass) is 
used, the |>orax, is mixed as a powder 
with a spelter, usually with a little 


water, but sometimes the work to be 
brazed is made hot and dipped into the 
dry powder* mixture, which partially 
fuses and adheres. In either case, care 
is requisite not to bum or oxidise the 
grains of the spelter with the blowpipe 
flame, or it will not run or adhere to 
the surface to be brazed ; and for such 
small work as can be done with the 
mouth blowpipe it is better to discard 
spelter entirely, and use either common 
silver solder, which is an alloy of one 
silver and two of tinned brass pins, or 
what is still better an alloy of thirteen 
partscopperand eleven parts finesilver. 
If fine silver is not easily to be got, the 
same alloy can be made by equal 
weights of copper and cqin silver. 

The solder should be rolled into thin 
sheets, cut into small bits of the shapes 
and sizes required, and put into a small 
saucer, containing a rather thin pasty 
mixture of powdered borax and water. 
The surfaces of the joint to be soldered 
should be brushed with this mixture, 
using a small camel-hair brush, the bit 
of solder being put in its position 
either with the brush or a fine pair of 
tweezers. 

The heat of the blowpipe must then 
l)e applied very slowly. The borax 
dries qp and sw^ells enormously, fre- 
quently lifting the solder along with 
it. The borax then sinks down ^in 
and begins to fuse. There is now no 
risk of blowing the solder away, and 
the full blast can be at once applied, 
directing the flame principally round 
the sqlder so as to heat the body of the 
work. When hot enough, the solder 
begins to fuse and adhere to the work, 
and the flame must now be instantly 
reduced to a small point, and directed 
on the solder only, which usually fuses 
suddenly. The instant the solder 
runs, the blast must be stopped by 
the tip of the tongue, or in delicate 
work mischief maybe done which may 
take hours to maxe good. One great 
difficulty with beginners is in soldei> 
ing two or more parts in exact posi- 
tions relatively to each other, tnesb 
parts being qf su^ a form that they 
cannot be held in position. 
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The way to overcome the difficulty lump of pumice-stone ora small sheet- 
is this : With a stick of Injeswax, the iron |Dan with a handle, and filled with 
end of which has l)een incited in a broken lumps of pumice, broken char- 
small flame, stick the parts together as coal, and plaster-of-Paris, or other non- 
required. The wax is sufficiently conductor. The l)est material is 
soft when cold to admit of the most willow charcoal, and the best result 
exact »wljuHtment of parts, and it must can be oltitiincd by its use, as bumffig 
surround the pirts only which are to with the heat of the blowpipe, it gives 
be soldered. Make a mixture of about off heat and assists the workman, giv- 
equal parts of plaster-of-Paris and ing a greater power than when any 
clean sand, and stir this up in a cup or other supjM)rt is used. Oak charcoal 
basin with sufficient water to make a is not admissible, as it crackles and 
paste, turn it out on to a sheet of disturbs the work. For a permanent 
paper, and lied the work to be soldered support, which docs not burn away to 
into it, hiking care that the part any practical extent, the liest is a mix- 
.covered with wax shall Ije freely ex- ture of finely powdered willow charcoal 
posed. and a little cliina clay, made into a 

When this is set hard, say in alxmt stiff paste with a rice-flour starch, and 
ten minutes, slowly warm it over a rammed into a mould. These are to 
Bunsen flame, or near a fire (if sud- lie liought in many shajies, and are the 
denly heated it will break up) ; wnpe most convenient for all purposes. ' 
the melted wax ott’ with a small hill of The receipts for making gold solders 
wool ; apply the borax, and solder as will be found in Ix^oks treating specially 
before mentioned, and continue the on gold working. As a rule, the alloy, 
slow heating up until tlic whole mass or rubbish which is commonly sold as 
is hot enough to complete the soliler- gold, can hardly Ik; .siifely soldered with 
ing with the blowpipe. anything much licttor than common 

If a light bit has only to lie carried soft solder, and it is not safe for an 
or held in iwsition after fixing with anvateur tn attonqit to repair any of 
wax, as l>efore nuMitioned, a bridge or the so-called gold jewellery, wWch 
arm may be made between the two sometimes contains the large propor- 
pieces with a very stiff paste ^lade of tion of one of gold to two or tlu^ of 
common whiting and water, or a mix- alloy, and in addition is often weighted 
ture of clay, whiting, and water. This inside with pewter, letid, or something 
being only small in bulk, dries much of the kind eijually unsatisfeetory to 
more quickly than the plaster and the purchaser when he discovers it by 
sand, but it reiiuires also very slow the total collapse of his cherished 
heating at first, so as to drive the ornament. 

moisture out grailually, otherwise, it Speaking generally of the mouth 
explodes as steam is formed inside, and blowpipe, the most practised users, as 
the whole work lias to be re-com- a maximum feat, might, with gas, 
meuced. soft solder a 3-in. lead pipe, or, with a 

Tlie hidian jewellers in making fili- lamp, do the same with a 1 J in. pipe, 
gree work use clay alone for holding In hard soldering (with silver solder or 
the i»art8 together, but it is very slow spelter), it is usually as much as can 
in diying, and requires much more be done to solder properly any wwk 
care in use than either of the forms weighing over 3 oz. if gas is u^ ; or 
given. about Imlf tliis weight with a lamp ; 

WTien soldering, the work has to be although in exceptional cases, using a 
supported in such a manner that it charcoal support, these weights may 
can be turned about and its jwsitions be exceeded, and more especially if th» 
altered quickly, more especially when bulkof the work is heated up by a fire or 
a fixed blowpipe is u^l, and tor this other means So as to admit of an extra 
purpose it is common to use either a ! strain being put on the lungs for a 
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short tirno for fiiiishinf» only. It is a 
common praciicp for heavy or awk- 
wardly-sliiij)ed work— where the heat 
is liable'to Ire conducted away quickly 
—•to support the work on a bed of 
^^urning coke or charcoal, using the 
blowpipe only for running the solder 
whilst the Iredy of rnebil is heated by 
the burning coke. By this assistance 
the capiicity of any blowpipe is doubled, 
or more than doubled, and when work 
is to Ire done beyond the ca]»acity of 
the blowpipes available, this remedy is 
a valuable one. (Thomas Fletcher, 
F.C.S.) 


Stains and Staining. 

{See also Dyks and Dyking, 
Polishing, etc.) 

There is such a close relationship Ire- 
tween stains and dyes that it would 
Ire desirable to trejit l)oth together, 
were it |X)ssible. It is ditticult to 
make a true «livitling line, as will be 
seen when it is stated that lojvthcr is 
stained while kid gloves are dyed. 
Reference should be maile to both. 
Bricks.— >sVf Stone. 

Floors. — (1) riet the wocmI clean, 
have some Vandyke brown and burnt 
sienna ground in water, mix it in strong 
size, put on uith a whitewjish or a 
now paint brush as evenly as j ou civn. 

, When dry, give two coats of copal or 
i (Kik varnish. 

(‘J) If the floor is a new one, have 
the border well washed. Smooth with 
gla.ss-j)aper, rubbing always with the 
grain of the wood. \'arnish with good 
oak varnish, put colouring matter into 
the varnish to suit your Uuste, but 
umlrer is Irest ; if the floor is old and 
l»lackened, piint it. 

(d) If old floors, you will not make 
much of staining anything but black. 
The floor is to Ire well washed (lime 
and stxla arc Irest — no sojip), the dye 
pjiinted on, and, when dry, sized over 
and varnished with elastic oak vamish. 

(4) Take ^ lb. logwoixl chips, boil 
them briskly for ^ hour in about 5 qt. 
niin-water, and strain through muslin. 
To this li((uor wld G oz. of annatto (in 
tire f(»rm of cake— not the roll) ; add 
also 1 lb. of yellow wax cut up in very 
small piecejs. Pla(;e these over the 
fircj, and let the wax melt gently, 
stirring it all the while. When melted, 
take the mixture off the fire ; do not 
let it boil. Then with a i)aiut brush 
lay it on the floor as hot as possible, 
brushing it always the way of the 
grain. Next day polish v.'ith a haird 
flat brush made of hair, which may 
Iiave a strap nailed to the back of it in 
which to insert the foot. The floor is 
afterwards kept* bright with beeswax 
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alono, a little of whicli is melted ami 
put on the brush. Take eare that the 
floor is thorouglily dry l^>ef»)i-c com- 
lueneing operations. 

(5) Melt some glue-size in a bottle ; 
iKixt get a piece of rag, roll it into a 
l»iU so that it will fit the hand nicely, 
cover this with a bit of old calico to 
make a smootli fiu-e ; dip this into the 
size, and rub in a bit of brown uml»er ; 
then go ahwul with your flooi-s, working 
the stutf light or dark as reiiuired. 
Keep the motion with the grain of 
wood ; when dry, stillen with iMilishers’ 
glaze. 

(6) Take .1 udson’s dyes of the colour 
required, mix according to the instruc- 
tions given with ciich bottle, and apply 
with a fiiece i)f nig, jireviously trying 
it on a })iece of \i oo<l to sec if colour 
would suit ; rub with sandpiper to 
get off any roughness that may be 
raised with the <lamp, and viirnish 
with fine pile hard varnish, then 
slightly samlpiper and varnish again. 
Another metluHl is to boil 1 lb, log- 
wood in an old boiler, then apply with 
a ]»iece of rag whore the stain is re- 
(piirod ; when thoroughly dry, wind- 
m|)er as before, and well rub with 
beeswax 1 (j polisli. Tliis last process 
looks best when finished, bqt it re- 
(juires a lot of elbow grease for a feiv 
months ; it is extremely durable. To 
prevent the stjiin running where you 
do not want it, piste some stiff pai)er. 

Glass.— Glass, also Painting 
Glass. 

Horn.— (1) Black. — After having 
fine sand-pijKjred the horns, dissolve 
fiO to 60 gi*. nitrate of silver in 1 oz. 
distilled water. It will lie colourless. 
Dip a small brush in, and jiamt the ^ 
horns where they are to Ihi black, j 
When dry, put them where the sun 
can shine on them, and you will find 
that they will turn jet black. When 
done, polish off. 

(2) Black. — 6*6 lb. burned lime is 
slaked in a little water, so that a pow- 
der-like hydrate of lime is obtained ; 
this is mixed with 2*2 lb. minium, 
and this mixture is for|ped into a thick 
paste with such lye as soap-boilers use, 


having a specific weight of 1 • OJifi. The 
articles of horn are placed in this solu- 
tion ftir 24 hours ; they are then taken 
out, rinsed off with water, dried with 
a cloth, brushed over with rape-seed 
oil, and then again rubbed dry. • 

(3) Blju;k. — O' 14 oz. silver is ifis- 
solved in 2’1 oz. nitric acid (aejuafortis), 
and this solution is applied several 

1 times to the article to be stained, but 
I it is absolutely necessary that the first 
emt should be entirely dry before 
another is applied. The articles are 
then burnished and miule bright. 

(4) Blue. — Stain with aniline. Or 
stain green as (6), then steep fora short 
time in a weak solution of sulphate 
of indigo, with a little cream of tartar. 

(5) Green. — O’. ^>2 oz. fine indigo- 
carmine is dissolved in 2’1 oz. rain- 
water. Then O’lTf) oz. picric acid is 
dissolved in 2 ’ 1 oz. boiling hot rain- 
water, and both solutions arc mixed 
together. A very beautiful, durable 
gi-een colour will in this manner be 
obtained, and can be used for the 
various manipulations. 

(6) Grtien. — O’ 35 oz. aniline green 
is dissolved in 4 ’ 2 oz, spirits of w ine, 
and the horn to he stained is treated 
with this solution. All the different 
shades of gi-ccn may lie produced by 
adding blue or yellow sbiiu, 

(7) Green. — 4 '2 oz. copper cut up 
finely and gnulually dissolved in 13 oz. 
nitric acid (aijuaforlis), and the articles 
to be stained are boiled in this solution 
until they have assumed a fine green 
colour. 

(8) Purple. — ]7’5 oz. logwood is 
boiled in 4 ’ 4 lb. milk of lime, and the 
same method is observed as given in(9). 

(9) Red. — 17 ’5 oz. red Brazil-wood 
is lioiled for 1 hour in 4*4 lb. milk of 
lime, ami liltcreil through a cloth. 
The articles of horn, ivory, or bone to 
be stained are boiled for 1 hour in a 
solution of 1 ’05 oz. alum in 17’6 oz. 
water. They are then placed in the 
above stain, and allow^ to remain 
there until the desired colour has beeif 
produced. Articles stained in this 
manner will acquire a beautiful purple 
colour by dipping them in alum -water. 
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(10) Bright Red. — 8*75 oz. logwood 
and 8* 7r) oz. red Brazil-wo(xi are Imiled 
in 4 * 4 lb. milk of lime. It is applied 
in the same manner as (9). 

(11) Tortoiseshell. — Make a paste of 
white litharge, 2 lb. powdered 

(luicklime, and 1 lb. of soda ash or 
potash, with water. The parts of the 
horn which arc to become dark are 
covered with this paste, and allowed 
to remain in contact for about 24 
hours, until the latter has become en- 
tirely dry. The horn is then cleansed 
with a brush. If the marks are not 
plain enough repeat two or three times. 
When this is done colours mixed with 
whiting and water can be applied to 
complete the mottlings. 

' (12) Yellcrw. — 17*5 oz. alum, free 

from iron, is dissolvetl in 4*4 lb. rain- 
water. The articles are allowed to lie 
• in this for 1 or 2 hours. In the mean- 
while 7 oz. yellow lorries are ladled 
with 4*2 oz. ciirbonate of potash in 
2" 2 lb. water for 1 hour, and then 
strained. The articles treated with | 
alum are placed in this decoction, and 
allowed to lie in it for 1 hour. They 
are then taken out and dried. 

Horsehair.— The horsehair is first 
washed in soap and water and rinsed. , 
Brotm is obtained by letting the hair 
lie for 12 hours in a decoction of log- 
wood and limewatcr at 120° F. 

Btwj violet shade, is treated as de- 
scribed in brown, then passed through 
water to which a little chloride of tin 
solution has been added. 

lUuc. — ^The hair is mordanted in a 
solution of 2 pirts alum and 1 tartar, 
rinsed and dy^ in a solution of sul- 
phate of indigo, then washed and dried. 
Red . — The hair is first laid down for 
hours in a solution of chloride of tin, 
and then prepared as blue, violet shade ; 
after rinsing, it is dyed with Brazil- 
wood and. alum, allowed to lie in the 
' bath for 24 'hours, washed, and dried. 

Ivory. — The pieces are always first 
^polis^ with whiting and water, and 
when’ washed quite clwtn from the 
whiting are then prepared for the stain 
by a short immersion of from 3 to 6 
minutes in acidulated cold water, in 


; Horn, Horaohair, Ivory. 

profiortion of 1 part of muriatic acid, 
the ordinary^ acid of commerce, to 40 or 
.50 of water, or in an e(j[ually weak solu- 
tion of nitric acid. This cleansing fluid 
extracts the gelatine from the surface 
of the ivory, and is essential to the 
attainment of a perfectly uniform 
colour. Extreme cleanliness and the 
alwence of any grease or accidental 
soiling are as necessary, with which 
view the work in process of staining is 
at no time touched by the fingers, but 
is removed from one vessel to another 
by flat pieces of wood, attached to each 
other at one end by a flat metal spring 
after the form of a pair of sugar-tongs, 
sefjarate pairs being kept for different 
colours. Subsetiuently to its treat- 
ment with the acid, the ivory is in- 
variably again placed in cold water that 
has been l)oiled, l»efore it is transferred 
to the stain. 

The use of tongs is also essential 
when such chemicals as silver nitrate, 
nitric acitl, etc. , are used, as they may 
I cause sores to the hands. Care should 
also be used not to breathe the fumes. 

(1) Place in vinegar for J hour, then 
in Judson’s dyes till the required shade 
is produced. 

. Jikiek. — (2) Lay for several hours in 

a strong solution of silver nitrate, 
remove and expose in a strong light. 

(3) Place a handful of logwood and 
1 oz. acetate of iron in about 1} pints 
water in a saucepan, and let simmer 
till reduced to | pint ; put the ivory 
into the still filing liquid, and let 
remain for 10 minutes ; remove and lay 
before a fire or in an oven till well 
dried ; afterwards polish with chamois 
leather. 

(4) Make a decoction of 2 oz. log- 
wood dust in 1 qt., water, and strain ; 
dissolve 1 oz. iron sulpliate in 1 qt. 
water ; then heat the two stains in 
separate vessels to 100° F. (38° C.), 
and immerse the ivory in the logwood 
for 15 minutes ; well wash, and put it 
into the iron sulphate for 5 minutes. 

Blue. — (6) Immerse for some time, 
in a dilute solution of indigo sulphate 
containing potash. Water 1 gal., sul- 
phate of indigo 1 oz., potash ^ Oz. 
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(6) Elderl)errie8 and alum. 

(7) Sulphate of copj)er \ lb., water 
1 qt. Boil together, th«n steep the 
articles while the li(]uor is scalding hot. 

Jiroivn. — (8) Alkanet root. 

Green. — (9) Boil in a solution of 
veniigris in vinegjtr till the desired 
shade is produced. 

Red. — (1 0) Makean infusion of cochi- 
neal in liquor animonicT, and immerse 
pieces therein, ha\dng prcviouslysojiked 
them for a few minutes in water slightly 
soured with nitric acid. 

(11) Dip in the tin mordant used in 
dyeing, and then plunge into hot decoc- 
tion of logwood, \ lb. per gal. water. 

(12) Dip in a solution of nitro- 
muriate of tin, and then in lac, to 
produce scarlet ; by then plunging into 
a solution of potash it will become 
cherry red. 

(13) Boil cuttings of scarlet cloth in 
water, and add pearlash by degrees till 
the colour is extracted ; add a little 
rock-alum to clear the colour, then 
strain. Steep the ivory in nitric acid 
diluted with twice the bulk of water ; 
take out and plunge into the dye till 
sufficiently deep. The acid bith must 
not 1)6 too strong, and the ivory should 
be taken out as soon as the surface 
becomes rough ; the dye bath must be’ 
warm, but not hot. A v'ariegated 
appearance may lie produced by cover- 
ing portions with white wax, these re- 
taining their natural whiteness. 

Yelhw. — (14) Safiron or turmeric. 
Immerse the article in a solution of } 
lb. alum per pint, then boil in decoction 
of water ^ gal. , turmeric i lb. , ^rlash 
} lb., for J hour. Finally boil again 
in the alum bath to fix the colour. 

(Ifi) 0*1 7f) oz. picric acid is dis- 
solved in 1*05 oz. hot water. On the 
other hand. O' 07 oz. concentrated sul- 
phuric acid is diluted with 0*35 oz. 
hot water, and the freshly-smoothed 
vticles are laid in the fluid, and fre- 
quently turned. They are then taken 
out, dried off, and pla^ in a solution 
of picric acid while this is still hot, 
where they remain until they are uni- 
formly yellow. A lustre i^ given them 
by polishing with soap and water and 


fine whiting. (This is a very good 
method for colouring billiard Imlls yel- 
low.) 

(16) O' 3.5 oz. aniline yellow is dis- 
8olve(l in 10 ' .5 oz. spirits of wine. The 
ivory is brushed over ^^'it,h this solutiqji 
or is pkiccd in it. If some anilinel-ed 
is added to this sbiiii, all shades of 
colour, from orange to bright reddish 
yellow, can he obtained. 

Vitt/el. — (17) Dissolve together 2 oz. 
watei*, 4 oz. nitric acid, J oz. tin in 
powder, J oz. sjd -ammoniac. (This 
mixture should not touch the hands, 
nor the fumes be breathed.) Dip the 
articles in this, thou steep them in a 
solution of logwood, | lb. boiled in 
1 qt. of water. 

Ve< feta file Ivory. — L. Muller finds 
that objects of tliis material may be' 
stainctl by boiling them for a long 
time in a perfectly clear solution of 
the dcsiretl colouring matter. Aniline 
red, picric acid, or potassium dichro- 
mate, iiHlinc green, sumach, aniline 
dyes, etc., may bo used conveniently. 
The ivory must \>e thoroughly clean. 
It may l)c blciiched by immersion for 
several hours in a 8t)lution of pennan- 
ganate, and then in sulphurous acid. 

Leather. — The following stains 
for leather are selected from the best 
authors on the subject ; — 

(1) } gal. vinegar, lb., 
dry lamp-black, 6 lb. sifted iron rust j 
mix ; let stand for a week y lay 3 coate 
on hot, and rub with linse^-oil. 

(2) 1 lb. good galls, well broken, 
\ lb. logwood, 3 oz. iron sulphate; 
makes ateut 2 gal. 

(3) Wet wth iron liquor and rub 

with a piece of iron ; then oil, or give a 
dressing of coinix)sition made by melt- 
ing 2 oz. black resin and adding 3 oz. 
lieeswax. When thoroughly melted, 
take from the fire, and add } oz. fine 
lamp-black which has had } dr. • 
Prussian blue mixed wjth it; thin 
with turps just before it gets too cold. 
Apply a coat of tliis with a teg, and 
polish with a soft brush. • 

(4) Ball Black.— For harness leather 
stmps, this is made of } oz. isinglass, 
I oz. indigo, 4 oz. logwood, 2 oz; soft 
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soap, 4 07,. glue, softened, and 1 pint of 
vinegar ; the whole is mixed, warmed, 
stiained, and allowed to cool, when it 
is ready for use. 

(6) Hatters’ Black. — This black is 
qne<]ualled for finishing. It is made 
hyMissolving 1 Ih. extract of logwotnl, 
J oz. bichromate of pobvsh, and 1 oz. 
copperas in 1 gal. water. 

(6) Patent Leather Bhick. — Mix to- 
gether J 11). efU!h of ivory black, puri- 
fied lampblack and pulverised indigo, 
3 oz. dissolveil gum-aniUc, 4 oz. brown 
sugar, and \ oz. glue, dissolved in 1 
pint water ; heat the whole to boil over 
a slow fire, then remove and stir until 
cool, and roll into balls. 

(7) Vinegar Bhick. — This is the most 
simple and useful colouring Ihjuid for 
the trimming shop for blacking leather 
straps. To make the simple.st, and 
without doubt the best, procure .shav- 
ings from an iron turner, and cover 
them with [)uro cider vinegar ; hcixt up 
and set {isulo for a week or two, then 
heat again and sol in a cool [)liW!e for 2 
weeks ; pour off the vinegar, allow it 
to stand for a few days, drain off, ainl 
cork up in bottles. This will keep a 
long time, and while prcslucing a deej* 
black on leather, it will not stoin the 
hands. 

(8) Vanadian Black. — This pr<K;e.s8 
is due to Sorensen, of Sweden, and he 
thinks that it will make bhick dyeing 
on leather easier, cleaner, and more 
durable than that obtained by {)re8ent 
methods. The leathers to be treated 
by this process ought to be binned 
with nut-galls, and conseciuently con- 
tain gallic acid or its derivatives, which 
give a black colour on troitnient with 
salts of vana*lium. The author admits 
as well known the com|K)unds of gallic 
acid with which vanadium ought to 
produce a black dye, as well as the salts 
of vanadium which are commonly used 
for this purpose. It is of no imiK»rt- 
ance what particular time is chosen 
after the tanning for dyeing the leather 
black. , The dyeing is effected by simply 
applying over the surface a solution of 
a suitable salt of vanadium, so that 
the chemical reaction may take place 


within the texture of the leather. 
Thus he recommeiuls as very efficacious 
a solution of the neutral vaiiailiate of 
ammonia, 1 lb. in 10 gal. water. The 
operation should be conducted at a 
moderate heiit, which is favourable to 
obtaining a fine black. This process 
is recommended in place of cuiTiers' 
blacking for lejithens of an open tex- 
ture, as for shoes, harness, etc. It is 
easy to prcwluce resen'es l)y applying 
the solution of vamulium only to some 
pirticular parts of the leather, leaving 
the rest untouched. In saddlery a 
very elegant effect is produced spon- 
taneously owing to the circumstance 
that the waxed thread of the seams 
docs not take the colour, but retains 
its own colour, and appears as a light 
de.sign upon a bhick grouinl. The 
operator in tliis kind of leather dyeing 
does not soil his hands. Thei’e is pro- 
duced a true, penetrating, and durable 
dye in place ot a mere superficial coat- 
ing, which often refjuires renewal and 
iK'comes lighter with time. (‘Teint. 
IVat.) 

(9) 4 • 2 oz. bruised gallnuts and 17*6 
oz. green nutshells arc boiled in 26*26 
oz. rain-water. When the mixture has 
boiled 1 hour, the liquor is strained 
through a cloth. The leather to be 
coloured*iH first sbiined with the solu- 
tion of iron filings, common sjilt, and 
\inegai-, as given under purf)le, before 
the above decoction is applied. 

JiIu(.—2'2 lb. elderberries are lx)iled 
witli 1 • 05 oz. alum, free from iron, in 
2*2 lb. wine vinegar, and this solution 
is also filtered. If leiither is to be 
colouml blue, the dec(X)tion of elder- 
Ijerries is applied uniformly with a 
spnige. When the coating is dry, it is 
brushed over lightly with solution of 
blue vitriol in vinegar. 

Browns, Russets, Reds, Yellows . — 
The use of russet and brown leather for 
reins necessitates the employment of 
stains of various shades in the work- 
shop, in order that the reins or other 
straps may be of a uniform colour alter 
being worked. In most cases rein 
leather is stain^ by the currier, but 
when worked Uie freshly -cut i^ges 
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need to be stained to correspond with 
the grain. The stains used are gene- 
rally made of Spanish saffron and 
annatto, or of saffron alone, made up 
in various ways, the most common 
and reliable lading the following : — 

(1) Boil a given amount of .sfiffron in 
water until the colour is extracted ; 
cut a (juantity of annatto in urine and 
mix the two together, the proportions 
of Cfich determining the shiulc. Tlie 
more annatto used, the darker is the 
colour 

(2) Another manner of prepiring this 
stain is to lioil ^ oz. Spjmish ssiffrou and 
J oz. annatto in water until the dye is 
extracted , to which must be added some 
alcohol to set the colour, 

(3) To make a stain of s.^iffron alone, 
boil a quantity in water until the dye 
is extracted ; strain off, ami when (!old 
add alcohol in order to set the colour. 
The shade may l)e changed by adding 
oxalic acid in varying <|uan(ilies, m:- 
cording to the colour ret|uire<l. The 
proiwrtion cannot Ikj given with any 
tlegree of accuracy, as the colour is a 
matter of taste, and can lie regulated 
by using gt'eator or loss proinirtions of 
each article. 

(4) Another saffron stain is made by 
boiling saffron in a small quantity of 
water until the colour is extrifcted, and 
reducing with urine. 

In using any of these stains apply 
them with a cloth, and when nearly dry 
rub with a w'oollen rag slightly waxed. 

(.5) A yellow stain is produced by 
boiling fustic Iwrries in alum water ; 
the shiule may be darkened by the 
additionof asmall([uantityof powdered 
Brazil-wood I toiled with the Ixirries. 

(6) Another yellowish-red stain is 
nuwle of Brazil-w’oml and yellow berries 
in proportion to suit, Imiling them in 
water until the colouring matter is 
extracted. This can bo applied to sides 
that have not Ixien stained, when in- 
tended for flat reins, halters, etc. , in the 
following manner - 

Lay the leather upon a table, and rub 
the flesh side with a warm stretching 
iron ; turn it over and moisten the 
^ain side with watei^ and rub with a 


copper stretching-iron until the leather 
is nearly dry ; then apply the colouring 
matter to the grain, and rub with a 
copper slicker. When the leather is 
perfectly dry, rub the grain with a 
gla.ss slicker. An edge stain is ma^e 
by sulding a small (|uantity of alufli to 
the alK)ve-mentioncd ingredients. 

(7) A brow n stain is made by boiling 
e(]ual jKirts of pine and alder Ivirks in 
six times their bulk of water until all the 
colouring matter isextracted, and when 
cold adding a small quantity of alcohol. 
Saffron IxuUhI for 12 or If) hours gives a 
good brown sbiin, to which alcohol must 
be atlded to make it set. 

(8) Picric acid and water, in propor- 
tions of 1 to 10, heated to a blood heat 
make a good yellow shiin. Weld 
lM)iled in water also makes a yellow' sbiin. 
An orange-yellow' is produced by boiling 
fuhtic I jerries in alum water. This stain 
may lie converted into a rich brown by 
washing the leather to which it has 
lieen applied, lefore the stain is faii’ly 
dry, with an alkali. 

(0) A red shiin is produced by lx)il- 
ing Brazil-wood in lye. If mixed with 
weld it produces a brownish-yellow, 
well iwlajjted for use on halters and 
bridles. 

(10) An edge stain for russet leather 
is made by cutting 1 1 oz. annatto in 
2 qt. urine, alltJwing it to stand for 
24 hours, then arlding 3 (^t. water, and 
Ixjiling until reduced to one-half the 
original tiuantity. 

All sUins apjK^ir to better advantage, 
and are ivndcred more durable, by being 
covered with a shellac varnish, which 
should l)ea})plied after the reins are all 
dry, ami then finished up. The shellac 
should l)e applied with a sponge. 

(11) A bright orange stain is made 
by mixing yellow aniline with alum 
water. 

(12) 1 oa. oxalic acid, 1 oz. spirits 
of Hilts, 1 scr. bruised cochineal, and 
1 pint boiling water, make a good 
brown stain. 

(13) Another red stain is made by 
dissolving 1 oz. cixihineal in J pint hot 
water, and adding 1 gill spirits of harts- 
horn. 



STAINS AND STAINING : Lieatiier. 




(14) A bright crimson stain is alum 
or tin salts and a decoction of 
cochineal. 

(16) For sole leather, 186 dr. Paris 
yeUow, S7 dr. chrome yellow, 312 dr. 
pipeclay, 250 dr. alum, 2.50 dr. quer- 
dxtron, 185 dr. sulphuric iicid, pints 
tragacanth solution, lK)ilefl together 
with 7 pints water, and the mixture, 
when cold, suibibly applied. 

(16) Brown. — 17*5 oz. dried and 
powdered uut-shclls arc boiled for 1 
hour in 52 '6 oz. milk of lime, and 
strained through a cloth. This decoc- 
tion is applied frequently to the leather. 
*4 • 2 oz. ground logwood, 4 * 2oz. aiinatto 
are boiled in 17'5 oz. rain-water, and 
a solution of O' 52 oz. carbonate of 
potash in 2*62 oz. vinegar is added to 
the above decoction. 

(17) A brown stain is also obtained 
by rubbing together upon a marble slab 
4 ‘2 oz. umber, O' 52 oz. finest lamp- 
black, in oil, with 17'5 oz. ox-gall. 

(18) Yellow. —0 ' 52oz. saffron, cut in 
sm^ pieces, is digested in 2*1 oz. 
alcohol 80 per cent, strong, for several 
days at a moderate heat. The solution 
is filtered, and applied directly to the 
leather, 

(19) Yellow. — 17 • 5oz. ground yellow 
wood or 1 7 • 5 oz. birch leaves are boiled ' 
for 1 hour in 2*2 lb. vinegar, and 
the fluid is strained. The articles to 
be stained are first covered with a solu- 
tion of 1*05 oz. carbonate of potash, 
withaspwnge to the lejxther, which has 
first been stretched, and when this has 
become dry, apply the colouring Ihiuor 
also with a sponge. 

(20) Bright Yellow. — 1 • 05 oz. finely- 
powdered turmeric and 0'52 oz. gam- 
boge are digested at a gentle heat fora 
few days in 26 ’ 25 oz. alcohol 80 per 
cent, strong, and the fluid is then fil- 

, tered. * The process is the same as (19), 

* either with or without alum or car- 
bonate of potash. 

(21) 17*6 oz. barberries are boiled 
m 2*2 lb. water, and the decoction is 
filter^. In this case also a solution 
*of ahim or carbonate of potash in water 
is used Ijeforeaj^lying the decoction to 
the article. 


I (22) Yellow. — 17 • 5 oz. woldis boiled 
{ in 3*3 lb. water for 1 hour, and used 
in the same planner as (21). 

(23) Green.— 1 '57 oz. verdigris and 
0*52 oz. sal-ammoniac are dissolved in 
8 * 75 oz. wine vinegar. If a small quan- 
tity of safiron extract is added to this, 
a yellowish-green colour, the so-called 
parrot-green, is obhiined. 

(2 1) Green. — If leather is first coated 
with a solution of Berlin blue, and then 
W’ith a yellow stain, a lieautiful durable 
green will obtained. 

(25) Violet. — 17 '5 oz. Brazil-wood 
is boiled for 1 hour in w'ater, and the 
decoction is then filtered. Another 
solution of 4'2 oz. copperas in 8*75 
oz. water is prepared, and this is mixed 
with the (lecoction of Brazil-wood. 
Violet stains are also obtained by 
mixing red and blue stains together. 

(26) Ked,— 8*75 oz. shavings of red 
Brazil-wood are placed in a Ijottle, 
2*2 lb. wine vinegar is jxmred over 
them, and they are digestcxl for 8 days, 
and stirretl fre(iuently in the mean- 
while. The solution is then filtered’ 
through a cloth. Meantime a solution 
of 1*05 oz. alum free from iron, in 
8*75 oz. W’ater, is prepared, and the 
above prefiaration of Brazil-wood is 
added to this under constant stirring. 
A very beautiful red is obtoined in this 
manner. The shavings of Brazil-W’ood 
may also be lx)iled in nun-water, and 
this be compounded w ith a solution of 
bitartrate of poUish. 

(27) Cochiueal. — 1 '05oz. ofthefinest 
cochineal is jxjwderod and digested in 
17'5 oz. alcohol 80 per cent, strong, 
until it is dissolved ; the solution is 
then filtered. More or less cochincid , 
is taken according as the colour is re- 
quired to lie darker or lighter. 

(28) Scarlct. — 1 ' 05 oz. scarlet Ijerries 
are bruisotl, and dissolved in 4 '2 oz. 
alcohol, 80 per cent, i^rong, and the 
solution is filtered. 

(29) Purple. — 8 '75 oz. Brazil-wood 
shavings, or 2 * 1 oz. scarlet Ixerries, are 
boiled in 2' 2 lb. water in an earthen 
})ot or in a bright copjjer l)oiler. The 
decoction is filtercil ami compounded 
with a Bufficiout quantity of fluid 
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chloride of zinc to obtain either a the following mixture may be sub- 
light or a dark colour. stituted with advantage, viz. : J lb. 

(30) Crimson.— A solution of 0*14 Marseilles soap dissolved in boiling 

oz. cochineal, O’ 14 oz. crekm of tartar, water, 6 or 6 egg-yolks added, and the 
0*42 oz. solution of zinc, is prepared, whole made up to 4 gal. wdth water 
The mixture is thoroughly shaken, and and J ib. iK)tash bichromate. The 
the contents of the lK)ttle are exfwseil colour used is infusion of logwood or^ts 
to heat for 24 hours. Spirit of sal- | extract, or | logwcMnl, which is best ex- 
ammoniiic is then added in drops until i tracted by stale urine or old soak liquor, 
the desired colour is obtained. I with mldition of a small ejuantity of 

(31) A rich {xjrmanent brown can l)e soda (1 lb. to If) lb. dyewexx!). It is 
impirted to rein-lejither by treating the fixed and darkened by a wtish of iron- 
hides, after they are tanned, to a bath I liquor (1 of iron protosulphate in 75 
in a liquor nijwle from e<jual parts of I cold water). After Injing again dried, 
pine and alder bark. The hides are , the skins are grounded with the moon- 
spread in a vat, with litiuor enough ; knife, and rubl)ed over on the grain 
to cover them, where they are allow^ ' with a composition containing oil, wax,, 
to remain one week ; they are then j etc., and are finally ironed with a flat, 
removed, and fresh li<juor is applied. ' iron to give them a fine and smooth 
By rej)eating this treatment 3 or 4 surface. Eitncr gives a recipe for the 
times a very rich brown can be pro- ; gloss : 1 lb. gum-arabic, J lb. yellow 
duced. Orange-brown is produced by , wax, J lb. l»ccf billow, J lb. Marseilles 
scraping the flcslj side after the hides soap, 2 lb. strong logwood infusion, and 
hayc b(H5U removed from the vats for 1 gal. water. The water is brought to 
the last time, and sprinkling them on | a Iwil in an earthen |)et, and then the 
the scraped side with pulverised alum. ' soap, wax, gum, and tallow are added 
As soon as each one is sprinkled with successively, each Ijcing stirred till dis- 
the alum, it is laid in another vat, one solved Wore adding the next, and 
upon the other, and allowed to remain lastly the logwocxl. After boiling for 
24 hours; they are then moistened with an hour, it is alloweil to completely 
thealumlhiuorin thelx)ttomofthevat, cool, l)eing incessjintly stirred during 
and laid upon the beam and well worked, the whole process. ( ‘ Spons’ Encyclo- 
after which they are rubl»ed \yith salt . psedia.’) 

and alum, and rolled up and allowed | AnUine Dyes. — These dyes are now 
to remain undisturbed for 24 hours. } very lai’gely used for leather, affbniing. 
This salting is repeated 3 times, after as they tlo, a wide range of tints and 
which the hides are stretched length- brilliant colours. Some skill and prac- 
wise and dried ; they are then boarded , tice is required, however, as some of 
and worked soft, and treated to a coat I these dye.s work best in an alkaline 
of hog’s lard and train-oil on the flesh | form, while others are best acid. The ^ 
side ; in about 2 days they are again 1 currier has to make himself acquainted 
boarded, and worked off with a glass with this, though great help can be 
sKcker. This leather has a fine grain, had by consulting the manufacturing 
and retains its softness for a long time, chemist who makes the dyes. A 

Calf-kid. — Dyeing black is accora- further difficulty lies in the fact that 
plish^ either by brushing on a table, different leathers show diff’erent results 
or by “ ridging ” or folding, grain-side with the same dye, while, yet again, ♦ 
outwards, and drawingquickly through a difference in the tanning process 
baths of the mordant and colour. To will affect the work. It will be 
prepare them for the colour, stale urine noticed that the aniline colours are 
is generally employed. A deeper colour, practically always spoken of as dyes, 
and one less likely to strike tlirough whereas the use of stains (made from* 
the skin, is obtained by adding ^ lb. dye-woods) is termed staining. It is 
potash bichromate to ^ gal. urine ; or difficult to mako'adividing line between 
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the two, for while some consider that , them again with second and successive 


applying the colouring fluid with a I 
brush constitutes staining, and dipping I 
constitutes dyeing, yet here there fe ' 
no regular practice, for |)a|>er is both 
brushed over or dipj)ed according to 
whether one or Itoth sides of the sheet 
are to l)e coloured. | 

It may be laid down as a rule that, ' 
certainly with leather, aniline colours 
are l)est applied by difiping. The ap- , 
plication of these colours by the brush : 
does not always result in a uniform 
tint l)eing obtained. Aniline colours 
affect leiither so raj)idly that immedi- j 
ately the brusli touches the work the 
colour is fixed, and to go over that 
part again means a darker tint at that 
point. If a brush must l)e used let it ' 
be of large size and heavily chargetl 
with the fluid colour so as to flofsl the 
surface (piickly. 

In dealing with skin that has been 
tanned as morocco leather, the binning ' 
is usually the sumach process which 
makes the leather very suitable f<tr 
aniline colouring. A good plan lH‘fore 
laying the skin over the bible is, first 
to clean the table, then brush it over 
with a fluid nujwle by boiling crushed 
linseed in water, using the strained 
liquor. This is slightly adhesive and 
will cause the skin to cling to the table. | 
It also prevents thesbiining fluid from 
discolouring the table, and it can always 
be easily cleaned oflf by washing with j 
hot water. 

When the skin is laid on the table, 
flesh side down, sponge it over evenly 
with clean tepid water. Then either 
roll or press it with a tool to distribute 
the moisture and remove superfluous 
water. The mordant is then applied, 
the purpose of this being to allow the 
colouring liquor to flow and fix evenly. 
In many cases the mordant acts chemi- j 
cally, while in other cases morocco i 
leather does not need a mordant at all. ; 
Several skins can have the mordant 
applied and be laid aside for a time for 
the application to penetrate. The first ' 
•skin is then taken and with a large hair 
brush the dye li(|Uor is applied. Give 
all the skins o(ne coat, then go over 


coats. Three to four coats are usual. 

Following this there may emne the 
application of a modifying li<]uor, often 
called a topping-agent or striker. This 
is to give a sjiecial tone to the previous 
colour, or it may be a mordanting 
liquor. The last process is to wtish off 
all superfluous colouring matter, with 
abundance of water and a brush, or 
preferably with ruunmg water. The 
skin is then hung in the drying loft, 
where there is plenty of air, but on no 
account must the sun shine on it while 
drying. This completes the colouring 
of the leiither, and the finishing process 
follows. This will he found under the 
heading of Leather. 

The mordant most commonly used 
for aniline colours is (for an acid) 
tannic ae-id— about i lb. to 1 gal. of 
water — while, for an alkaline, sulphate 
or j)li08phate of soda^ 1 jwrt to 100 of 
water. 

It should he noted that as in treating 
leather it is Injst to give three or four 
ecKits of colour liipior, the first coats 
(or hitlis) should l)C jw wejik !is pcjssible, 
fOS 8 ucces.sive applications of colour in 
full strength give bjo dark a tint, and 
what is worse, they sometimes give a 
metallic hue tliat is objectionable. 

It is ftot always the practice to brush 
the colour over morocco skins as just 
explained, for, as at first mentioned, 
the most even colouring is obtained by 
dipping. Morocco skins, however, are 
BupiK)scd to \)e coloureii on one side 
only, therefore, for dipping, the in- 
genious plan of sewing two skins 
together by their edges, flesh side to 
flesh side, is ailopted. This does not 
perfectly prevent some colour getting 
to the flesh side, but it does so suffici- 
ently an<l few skips are seen with- 
out some colour on the wrong side. 
Those who are not practised at the 
work can do much to insure good 
results by passing an otld piece of skin, 
a cutting, through the process first. 

In dealing with (ailf or kip leathers 
for hunt upjjers, for brown sliades, a 
mordanting li(iuor is made by dis- 
solving crystal# of bichromate of potash 
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in cold water. Some crystals are put 
in a pint of cold water and given an 
occasional shake, for one .hour. The 
water is then poured off, and warm 
water added to it until it is a light 
straw tint. The skin is first moistened 
with this, and then, l»efore it is quite 
dry, the dye liquor is applied. Should 
it (iry too warm a tint, this can be 
reduced by a single application of the 
mordanting fluid. This latter is a 
topping agent or striker as already 
referred to. It needs to be used care- 
fully and spjiringly as tending to make 
the leather harsh and liard if used in 
excess. 

Paper. — In dealing with small 
quantities the following plan may 
be juloptod. Have a perfectly even 
and level tiible and spread the jiaper 
on this. Brush the stiiin on with 
a broad smooth brush. This is 
for colouring onemide only. If both 
sides are to l>e coloured the piper 
must be submerged in the dye. Have 
the dye liquor in a shallow broad pm 
and draw the sheets through it horiscon- 
tally. When the sheets are dry they 
can be smoothed by an iron or roll. 

The following recifKis for coloured 
pipers are mainly derived from Dunbar, 
and give the (piantity of pulp, and 
the material of wliich it is composed, 
in most cases. 

AviJn'r. ■ (1) For 400 lb. dry j)aj)er. 
400 lb. Onin esparto, ^ lb. chrome 
yellow, mixed in the engine one hour ; 
1 pint iron liquor, 20 lb. alum, 6 jjails 
size. 

(2) Fine Amber Writings. — For 300 
lb. dry paper. Medium Spanish es- 
parto, J.; F. F. rags, J ; thirds, J ; 

oz. nitrate of lead, 3 oz. bichromate 
of potash, 11 oz. Venetian red strained 
through a silk bag, 30 lb. alum, 8 pails 
size. 

Blue. — (1) Aniline Blue.— For 2f>0 
lb. dry paper. No. 4 stuff, full 
bleached ; 5 pails size, 16 lb. alum, 
3 oz. aniline blue, ^ oz. diamond 
fuchsine. • 

(2) Aniline Blue, deep shade. — For 
260 lb. dry paper. No. 4 stuff, full 
bleached ; 5 pails size!* 20 lb, alum, 


4 oz. aniline blue, ^ oz. diamond 
fuchsine. 

(3) Deep Aniline Blue. — For 260 lb. 
dry paper. No. 3 stuff, full bleached ; 
6 pails size, 20 lb. alum, 4^ oz. aniline 
blue, ^ oz. diamond fuclisine. 

(4) Aniline Blue, deep colour. — R)r 
260 lb. dry jiajHJr. No. 4 stuff, full 
bleiiched ; 4 {)ails size, 15 lb. alum, 
2 oz. aniline blue, ^ oz. diamond 
fuchsine, 6 oz. Berlin blue. 

(5) Deep Aniline Blue.— For 250 lb. 
dry paper. No. 4 stuff, full bleached ; 

5 pails size, 20 lb. alum, 9 lb. Pjcris 
blue, 3^ oz. aniline blue, 3 oz. diamond 
fuchsine. Presents a fine clear colour, 
very deep and uniform. 

(6) Berlin Blue.— For 250 lb. dry 
paper. No. 4 stuff“, half bleached ; 6 
pails size, 20 lb. alum, J oz. fuchsine, 
5 lb. Paris blue. 

(7) Blue Tissue.— For 200 lb. dry 
paper. Kojhj stuff’, good sailcloth, 
I; 2 lb. ultramarine, B.B.A.C., 6 
gills Brazil-wood dye. 

(8) Fine Deep Blue. — For 400 lb, 
dry paper. 400 lb. Oran esparto; 
1 lb. crystal soda, 10 lb. prussiate of 
potash, 3 lb. green copperas dissolved 
in 4 pails hot water, 4 qt. iron liquor, 
1 oz. magenta dissolved in one p^ of 
hot water, 25 lb. alum. 

(9) Deep Paris Blue. — For 260 lb. 
dry paper. No. 4 stuff, half bleached ; 
4 pails size, 20 lb. alum, 2 lb. logwood 
extract, 6 lb. Berlin or Paris blue, 2 
pints cochineal. 

Brown. — (1) Soluble Brown. — For 
260 lb. dry jiaper. No. 4 stuff, half 
bleached ; 5 pails size, 20 lb. alum, 
15 lb. soluble brown. This colouring 
matter must l>e carefully strained into 
the engine. It is the best substitute 
for catechu-dyed papers, and has all 
the characteristics of catechu, with 
the advantage of being much cheaper. 

(2) Catechu Brown.— For 260 lb. 
dry paper. No. 4 stuff, unbleached ; 
4 pi^s size, 20 lb. . alum, 12 pails 
catechu, 6 lb. bichromate, 3 lb. crystal 
soda. 

(3) Catechu Brown.— For 260 lb. 
dry paper. No. 4 stuff, full bleached ; 
4^ lb. green copperas, 4 pails size, 

P 
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3 pails catechu, 20 lb. alum, 3^ lb. 
bichromate. 

(4) Catechu Brown, deep colour. — 
For 150 lb. dry paper. No. 4 stuff, 
unbleached ; 3 pails si/e, 10 lb. alum, 
«3 pails catechu, 2 lb. green copjairas, 

3 lb. bichromate. 

(5) Catechu Brown. — For 2.50 lb. 
dry paper. No. 4 stuff, half bleached ; 

4 pails size, 4 jjails catechu, 20 lb. 
alum, IJ lb. bichromate. 

(6) Catechu Brown Wrapping. — For 
260 lb. dry piper. Hemp lagging, ^ ; 
No. 4 stuff, J ; 7 pails catechu, 5 pails 
size, 15 lb. alum, 3 lb. bichromate. 

Buff. — (1) For 250 lb. dry paper. 
No. 4 stuff; 60 lb. yellow wood, 4 
pails size, 20 lb. alum, 13 lb. yellow 
ochre, 10 oz. Venetian re<l, 1 gill 
Brazil-wood dye. 

(2) Light Buff. — For 400 lb. dry 
paper. 400 lb. Oran esparto, 4 lb. 
green copperas, 4 oz. sugar of lead, 

3 lb. bichromate of potash, 15 lb. alum, 

5 pails size. 

ChocolMe. — For 400 lb. drj' paper. 
600 lb. Oran esparto, 37 lb. Venetian 
red, 3 lb. catechu, 5 lb. bluestone, 

5 lb. green copperas, 4 lb. ultramarine 
— all 1 hour apart ; 20 lb. alum, 7 
pails size. 

Crcnofoot Colour to Paper Pulp . — 
The colour of the crowfoot is one of 
the most agreeable in pifjer manu- 
facture, but it is also very difficult to 
obtain in all the richness and brilliancy 
of the flower’s hue. As in the CAse of 
many other colours for paper, the 
o{)eration re(|uires to l>e divided into 
two parts. With every 220 lb. of dry 
pulp the following process is observed : 
On the one hand, 26 J lb, acetate of 
lead are boiled separately in about | 
8 gal. water, and Sf lb. bichromate of 
potash in 4^ gal. wAter on the other. 
When the salts are completely dis- 
solved, the same quantity of cold 
water is added to each solution as was 
used l)eforo ; it is stirred, and the 
solution of acetate of lead is poured 
into that of the bichromate, the whole 
Ijeing stirred as the mixing takes place. 
The mixture is used in two separate 
basins or troughs, and produces the 


first colouring of the pul p. Supposing, 
as is to be cxi)ecteti, a uniform tint 
lias been obtained, about pints of a 
yellow-orange colour are added, which 
i.s })ref«ired in the following manner ; 
5^ gjil. cjiustic soda lye, marking 20** 

I B., are taken, to which arc added 23 
lb. jvcetate of leail, anfl 7J lb. bi- 
chromate of yx)tash, mixed dry, the 
' whole lieing boileil for \ hour. From 
this are hikeii tin; pints mentioned 
atK)ve for the second colouring. (‘ La 
Gaceta Industrial.’) 

Faivu.—{1) For 250 lb. dry paper. 
No. 1 stutt‘; 4 jjails size, 20 lb. alum, 
2 11). green copperas, 2 lb. crystal soda, 

\ \ lb. Venetian red. 

(2) For 250 lb. dry |)aper. No. 4 
stuff ; 20 lb. chemi(Al woocl pulp, 5 oz. 
ultramarine, 1 lb. VciK'tian red, 4 lb. 
French yellow ochre. 

Green. — (1) For 250 lb. dry pi{)er. 
No. 4 stuff"; 60 lb. mechanical w'ood 
pulp, 2J lb. bicliromate 15 minutes 
later, 6 lb. sugar of loul 15 minutes 
later, 7 oz. Paris blue, 4 pails size, 
16 lb. alum. 

(2) Medium Deep Shade. —For 250 
lb. dry pajxir. No. 4 stuff; 60 lb. 
mechanical wood pulp, 5 pails size, 20 
lb. alum, 2J lb. bichromate 15 minutes 
later, 6 lb. sugar of lead 15 minutes 
later, lb, Paris blue. 

(3) Deep Cleiir Tint.— For 250 lb. 
dry paper. No. 3 stuff"; 1^ lb. bichro- 
mate, 3 lb. sugar of lead 15 minutes 
later, 3 lb. Paris blue 10 minutes later, 

5 piiils size, 20 lb. alum. 

(4) Deep Green.— For 250 lb. dry 
paper. No. 3 stuff ; 5 pails size, 20 lb. 
alum, 22 lb. silk green paste, extra fine. 
A l)eautiful clear green. 

(5) Pale Green.-For 250 lb. diy 
paper. No. 4 stuff, full bleached; 
60 lb. wood pulp, 3 oz. bichromate, 

6 oz. sugar of leacl, 4 pails size, 15 lb. 
alum, 3 lb. Paris blue. 

(6) Pale Green.— For 260 lb. dry 
paper. No. 4 stuff", full bleached; 
4 jails size, 20 lb. alum, f lb. bichro- 
mate 10 minutes later, 2| lb. sug^r of 
lead 10 minutes later^ 15 oz. PariB 
blue dissolved in hot water, adding 
^ gill 8u1j)1iuAc acid. 
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Orcy. — (1) For 250 lb. dry paper. I aniline blue, 3 oz. diamond fuchsine, 


No. 4 stuft', half bl (cached ; 4 pail« size, 
20 lb. alum, 3 lb. green copperas, 3 lb. 
crystal soda, 4 lb. dark yellow ochre, 

4 lb. light yellow ochre, 5 oz. Venetian 
red. 

(2) Fine Grey Writings. — For 250 lb. 
dry paper. No. 4 stuff, full bleached ; 

3 lb. ultramarine, D.IJ.K.V. ; 2 lb. 
Venetian red, 4 lb, yellow ochre, 6 pails 
size, 20 lb. alum. 

(3) Fine Grey Writings. — For 250 lb. 
dry [Miper. No. 4 stuff, full bleached ; 

G juils size, 25 lb. alum, 15 oz. bichro- 
mate, 2J 11). sugjir of lead, 6 oz. Paris 
blue \ hour later, 7 oz. logwotxl extract. 

(1) Fine Grey \\Viting8. — For 260 lb. 
dry i)!iy)er. No. 4 stuff, full blwiched ; 

6 pails size, 25 lb. alum, 12 oz. bichro- 
mate, 2 lb. sugar of lead, to be dis- 
solved together in one y«i,il, and put 
into tlie engine while hot ; 3 oz. Paris ! 
blue ^ hour later, 4 oz. logwood ex- ! 
tract-. j 

(5) Superfine Grey Writings. — For 1 
250 lb. dry y«if)er. No. 3 stuff, full 
bleache<l; 41b. ultnimarine,D.B.A.C. ; 

1 lb. bi(;hromate, 1 lb. sugar of lead, 

3 lb. Venetian red, G piils size, 25 lb. 
alum.' 

LUar. — (1) For 250 lb. dry paper. 
No. 4 stuff, full blejuihed ; 5 y)ails8ize, 
20 lb. alum, 3 oz. aniline blue, .* oz. 
diamond fuchsine. 

(2) Deep LUimj. — F or 250 lb. dry 
paper. No. 3 stuff ; 5 yKiils size, 20 lb. 
alum ; 30 oz. methyl violet, markeil j 
B.B.B. ; oz. cosine, markeil A. ] 

(3) Deep Lilac. — For 250 lb. dry 
paper. Nos. 3 and 4 stuffs, half and 
half ; 4 pails size, 15 lb. alum, 2 oz. j 
aniline blue, 2 oz. diamond fuchsine, j 

oz. Paris blue. 

(4) Deep Likic. — For 250 lb. dry 
paper. No. 4 stuff, full bleached ; 5 I 

S als size, 20 lb. alum, 4 oz. aniline 
ue, 1 oz. diamond fuchsine. 

(6) Deep Lilac. — For 250 lb, dry' 
paper. No. 4 stuff; 20 lb. alum, 4 
pails size, 8 oz. diamond fuchsine, 3 oz. 
aniline blue, 50 lb. straw pulp. 

(6) Lilac Tissue. — Deep Shade. For 
200 lb. dry paper. Nos. 17 and 18 
rope stuffs, j ; No. 5 %tuff, ^ ; 8 oz. 


2 oz, methyl violet, B.K.H.K. brand. 

Nankeen Tiasue. — For 200 lb. dry 
paper. Nos, 17 and 18 rope stuffs, J ; 
canvas, 4 ; 3 lb. pohish, 3 lb. green 
copperas, 2 lb. cryshd soda. ^ • 

Olive, Deep.— ¥or 250 lb. dry paper. 
No. 4 stuff; GO lb. woo<l pulp, 4 pails 
size, 15 lb. alum, 211). green co[)y)era8, 

2 lb. crystol soda, lb, Venetian red. 

Omvye. — (1) Foi-250 lb. dry y)aj)er. 
No. 4 stuff, only half bleached or gas- 
bhsiched, an<l not potched ; 3 pails 
size, 15 lb. alum, G lb. bichromate, 8 lb. 
sugar of lejwl, GO lb. su{)eriine orange, 

(2) For 250 lb. dry paper. No. 4 
stuff ; 50 lb. mechanical wood pulp, 

12 lb. orange mineral, 15 lb. alum, 

4 puls size. 

(3) For 250 lb. dry paper. No. 4 
stuff ; GO lb. mechanical wood y>ulp 
15 lb. alum, 4 pails size, 30 lb. orange 
mineral. 

(4) For 250 lb. dry paper. No. 4 
stuff ; 60 lb. mechaniwd wood pulp, 

15 lb. alum, 3 pails size, 15 lb, orange 
mineral, 1 lb. Venetian red, 

(5) For 200 lb. dry paper. No. 4 
stuff; 50 lb. yellow mechanical wood 
pulp, 20 lb. orange mineral, 14 lb. 
Venetian red, 4 f)ails size, 20 lb. alum. 
The orange and the Veiietwn red must 
be carefully st rained through a fine wire 
or flannel bag. 

(6) Orange Buff. — For 400 lb. dry 
jvijHjr. 400 lb, Oran espirto, 6 lb. 
bichromate of potivsh, 8 lb. sugar of 
lead, 14 lb. Venetian red, 20 lb. alum, 

G pails size. 

(7) Chrome Orange. — For 300 lb. 
dry paper. No. 1 stuff, full bleached ; 

25 lb. alum, G pails size, 56 lb. chrome 
orange paste, No. 1. A fine clear 
orange for a good lyuality of paper. 

(8) Deep Orange. — For 250 lb. dry 
pij)er. No. 4 stuff ; 401b. wood pulp, 

4 pails size, 20 lb. alum, G lb. bichro- 
mate, 18 Ib. .sugar of lead, 25 lb. Vene- 
ti»Mi red, 50 lb. straw pulp. 

(9) Bale Orango. — For 250 dry 
paper. No. 4 stuff; 40 lb. wood pulp, • 
4 pails size, 15 lb. alum, 15 lb. super- 
fine orange. 

(10) Orange Yellow. -For 260 lb. 

P 2 
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paper. No. 4 stuff ; 40 lb. mecha- • A beautiful deep Venetian red, princi- 
nical wood pulp, 3 {mils size, 15 lb. 'pally used for the covers of serials, 
alum, 6 lb. bichromate, 8 lb. sugar of j (5) Saturnine lied. — For 250 lb. dry 
lead, 25 lb. Venetian red, 50 lb. straw paper. No. 3 stuff ; 4 pails size, 20 lb. 
pulp. alum, 60 lb. saturnine red, 6 lb. super- 

w j(ll) Orange Yellow. — For 400 lb. fine orange. 

dry paper. 400 lb. Oran esparto ; | Jlose. — (1) For 400 lb. dry paper. 

lb. bichromate, 15 lb. brown sugar | 400 lb. Oran esparto, 14 lb. Venetian 
of lead, dissolved in 5 pails hot water re<l, 1 lb. chrome yellow, 20 lb. 
— strain through a flannel bag ; J lb. alum. 

Venetian red, 25 lb. alum, 7 iwils , (2) Fine Rose Tint. — For 400 lb. dry 

size. paper. Medium Spanish esparto, J ; 

Pink. — (1) For 250 lb. dry paper, good Oran esjiarto, } ; 2 oz. eosine, 
No. 4 stuff; 5 jiails size, 20 lb. alum, marked A, dissolvetl in one pail of 
3 oz. (^i^mond fuchsine, dissolved in boiling water and strained through a 
1 J gal. boiling water and strained flannel bag. 

through a fine flannel or silk bag. | Skin Colour . — For 250 ib. dry paper. 

(2) Eosine, A. — For 250 lb. dry , No. 4 stuff, 60 lb. wood pulp, 4 pails 
paper. No.- 3 stuff, full bleached; ' size, 20 lb. alum, 9 J lb. green copperas, 
13 oz. eo»ne, marked A ; } oz. methyl 10} lb. crystal soda, 8 oz. bichromate, 
violet. A deep pink of a beautiful 1} lb. sugar of lead. 

shade. Straw Tint . — For 400 lb. dry papers 

(3) Deep Eosine Pink. — For 2501b. 4001b. Oran esparto, 1} lb. bichromate 

dry paper. No. 3 stuff ; 5 pails size, of potash, 3 lb. white sugar of lead dis- 
20 lb. alum, 12 oz. eosine, marked solved in one pail of hot water, J lb. 
B.N., dissolved in boiling water, and ultramarine, 1} pint iron liquor, 
strained through a flannel bag into the Violet.— ^Deep Shade. — For 250 lb. 

engine. dry paper. No. 3 stuff, full bleached ; 

(4) Pale Pink Eosine.— For 250 lb. 26 lb. alum, 6 pails size, 6 lb. methyl 
dry paper. No. 3 stuft* ; 5 pails size, violet marked R.li.K.ll., 3 oz. methyl 
20 lb. alum, 3 oz. eosine, marked B.N. , blue. 

} oz. methyl violet ; strain into the White Tissue. — For 200 lb. dry 
engine. paper.' Nos. 17 and 18 rope stuffs, 

Purple . — Water 1 qt., logwood 4 oz., } ; No. 6 stuff, } ; 5 oz. ul^marine, 
Brazil-wood 1 oz. Boil together for B.B.A.C. ; 2 gUls Brazil-wood dye. 
a few hours, allow to cool, then strain. YeUow.-^l) For 250 lb. dry paper. 

R&i. — (1) Deep Venetian. — For 200 No. 48tuff ; 4 lb. bichromate 20 minutes 
lb. dry paper. No. 4 stuff, unbleached ; later, 8 lb. sugar of lead } hour later, 
6 pails size, 20 lb. alum, 2} lb. yellow 20 lb. alum, 6 pails size, 40 lb. straw 
ochre, 60 lb. Venetian red, 3 pmts pulp. 

Brazil-wood dye. (2) For 260 lb. dry paper. No. 4 

(2) Venetian Red.— For 260 lb. dry stuff ; 16 lb. alum, 4 pails size, 1} lb. 
paper. No. 8 stuff, unbleached ; 60 bichromate, 5 lb. sugar of lead. 

lb. chemical wood pulp, 4 pails size, (3) For 260 lb. dry paper; No. 4 
16 lb. alum, 60 lb. Venetian red, stuff ; 40 lb, mechanic wood pulp, 
8 ]nnt8 Brazil-wood dye. 15 lb. alum, 4 pails size, 6 lb. Uchro- 

(3) Vaietian Red.— For 260 lb. dry mate, 8 lb. sugar of lead. 

K per. No. 4 stuff, half bleached ; 2} (4) For 250 lb. dry paper. No. >4 

, ydlow ochre, 46 lb. Venetian red, stuff; 20 lb. mechanicsd wood pulp, 
20 $>. alum, 5 pails size. 2} lb. bichromate 20 minutes later, 

( 4 ) Venetian Red.— For 260 lb. dry 7 } lb. sugar of lead } hour later, 20 lb. 
paper/ Nd. 4 stuff ; 40 lb. yellow alum, 4 pails size. ^ 

wood pulp,^ ' 4 ; pails size, 16 lb. alum, (6) For 250 lb. dry paper. No. 4 
48 lb. yeRowuohre, 60 lb, Venetian red. stuff; 40 lb! mechanic^ pidp| 
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* 15 lb. alum, 4 pails size, 5 lb. bichro* 
mate, 11 lb. sugar of lead. 

(6) Dark Yellow. — For 400 lb. dry 
paper. 14 lb. bichromate of potash, 
1| lb. brown sugar of lead dissolved in 
one pail of hot water — strain into the 
engine through a flannel bag ; 2} lb. 
green copperas 1 hour later, 25 lb. 
^um. 

(7) Yellow Ochre, for Wrapping — 
For 250 lb. dry paper. No. 4 stuff, 
unbleached ; 60 lb. wood pulp, No. 2 
quality ; 4 pails size, 15 lb. alum, 201b. 
yellow ochre, 5 oz. Venetian red, 4 oz. 
magenta lake. 

(8) Yellow Printings. — For 250 lb. 
dry paper. No. 4 stuft', half bleached ; 
60 lb. mechanical wooti pulp, 1^ lb. 
bichromate 20 minutes later, f lb. 
sugar of lead i hour later, 15 lb. alum, 

3 pails size, 50 lb. straw pulp. 

(9) For 450 lb. dry paper. Tunis es- 
parto, J ; No. 2 Spinish esparto, J ; 
20 lb. French ochre, 4 lb. dark English 
ochre, 8 lb. augjir of lead, 4^ lb. bichro- 
mate, 2 lb. re(l chrome. 

(10) For 400 lb. dry paper. Tunis 
esparto, ^ ; Oran esparto, J lb. 
bichromate, 7 lb. sugar of lead. 

(11) Fine Yellow Printings.— For 
200 lb. <lry jMiper. Spanish esparto, A ; 
Oran esparto, J ; 2 lb. bichromate, 4 lb. 
sugar of lej«l, 3 pails size, 1 0 11^, alum. 

(12) Yellow Wrapping. — For 250 lb. 
dry pai)er. No. 4 stuff, unblwiched ; 
601b. wood pulp. No. 2 quality ; 4 pails 
size, 20 lb. alum, 16 J lb. brown sugar 
of lead, 8 lb. bichromate, 20 lb. Vene- 
tian red. 

(13) Yellow Wrapping, for Post 
Paper. — B'or 260 lb. dry i)aper. N.(>. 4 
stuff; 60 lb. mechanical wood pulp, 
2 lb, bichromate of potash 15 minutes 
later ; 4 lb. sugar of lead, 20 lb. alum, 

4 pails size, 60 lb. straw pulp by 
Lahosse’s system. 

(14) Lemon. — 1 qt. spirits of wine, 
8 oz. turmeric root. Bruise the root 
to a powder ; put it into a bottle with 
the spirits of wine, cork soundly and 
shake frequently during 2 days. Strain 
and it is ready for use. 

Parchment. — Green,— (a) Boil 
8 parts cream of tartar^and 30 of crys- 


tallised verdigris in 500 water ; when 
this solution is cold, pour into it 4 parts 
nitric acid. Moisten the parchment 
with a brush, and then apply the above 
liquid evenly over its surface. The 
necessary surface finish is given wifjji 
white of eggs, or mucilage of giftn- 
arabic. 

j (6) 1 qt. vinegar, J oz. verdigris. 
Boil together ; apply with a soft brush 
and, wdicn dry, wash over with a solu- 
tion of pciirliish and water, to bring up 
the reijuired tint. 

JUue. — ( rt ) Dissolve verdigris in 
vinegar and brush over with the hot 
solution till it becomes a perfect green, 
then well brush over with a solution of 
pearhwh, 2 oz. to the pint, until it 
becomes a good blue. 

(5) Use the blue stain for w'ood, viz. 
copper filings dissolved in aquafortis ; 
the material must be well brushed over 
with it, and then brushetl over with a 
hot solution of pejirlash, same strength 
as in (a)y until it assumes a perfectly 
blue colour. 

(r) Boil 1 lb. indigo, 2 lb. logwood, 
and 3 oz. of alum in 1 gal. of w'ater ; 
brush w'ell over until thoroughly 
stained. 

Red.— (a) Bod 1 lb. of Brazd-wood 
and 1 oz. of pearlash in 1 gal. of 
water, and w'hile hot brush over the 
work untd of a pro{)er colour. Dissolve 
2 oz. of alum in 1 (|t. of w'ater, and 
brush this solution over theabove l^fore 
it dries. 

(ft) Use a cold infusion of archd, and 
brush well over with a pearlash solu- 
I tion, 2 dr. to the qt. 

Purple. — Water 2 qt. , logwood ( lb. , 
Brazil-wood 2 oz. Bod together for a 
few hours, allow to cool, then strain. 

Stone, Plaster, and Bricks.-r 
If budding stone, such as marble, lime- 
stones, etc., are to be stained, then, 
if water stains are to be used, the 
colours sliould be boded in it. If 
possible the stain should be applied 
to the stone while boiling hot, and 
well brushed over the surfaces, and < 
into any oniamontal work. If a spirit 
stain is used, it should be applied cold, 
and in all cases be allowed to soak 



214 Stains and Staining : Stone, Plaster, Bricks, Wood. 


in l)efore any wasliing of the Btone ib 
attempted. 

In colouring plaster a similar process 
can be adopted, but it is far better to 
mix dry colours (or liquid stains) when 
til# plaster is first being mixed with 
water. 

Bricks, which are usually stained or 
coloured a tint of red, can be trcjited 
with a solution nifule of J lb. of glue 
in 4 gal. of water, to wliicli is added 
^ lb. alum, 2 lb. Venetian red, and 
4 1]». SiMUiish brown. It should lie 
tried Ijefore applying to a large surfiice, 
and the depth of red or brown can l)e 
varied by altering the quantities of 
those materials. 

Wood. — The pr;ictice of staining 
woods is much less common in America 
and England than on the Continent, 
where workmen, familiar with the 
different washes, prwluce the most 
delicate tones of colour and shade. 
Wood is often stained to imitate 
darker and dearer varieties, but 
more legitimately to improve the 
natural appearance by heightening and 
bringing out the original markings, or 
by giving a definite colour without 
covering the surface and hiding the 
nature of the material by coats of 
pivint. The best woods for stoining 
are those of close even texture, as pejir 
and cherry, birch, beech, and maple, 
though softer and cojirser kinds may 
be treated with good effect. The wood 
should l)e dried, and if an even tint is 
desired, its surface planed and sand- 
papered. An the stains should, if 
* possible, be applied hot, as they thus 
penetrate more deeply into the pores. 
If the wood is tol^vamishefl, and not 
subjected U) much handling, almost 
any of the brilliant monlants used in 
wool and cotton dyeing may be em- 
ployed in an alcoholic solution ; but 
when thus coloured it has an unnatural 
appearance, and is best used in small 
surfaces only, for inlayii^, etc. The 
^ eboiused wood, of late years so much 
in v^e, is in many respects the most 
unsatMactory of the stains, as the 
natural character and markings are 
completely blotted out, and it shows 


the least scratch or rubbing. Some- 
times in consequence of the quality of 
the wood under treatment, it must be 
freed from its natural colours by a pre- 
liminary bleaching process. To this 
end it is saturated as completely as 
po8.sible with a clear solution of 17} oz. 
j chloride of lime and 2 oz. soda crystals 
in 10^ pints water. In this licjuid 
the wo(k1 is steeped for \ hour, if it 
does not ap[)car to injure its texture. 

I After this Idejvching it is immersed in 
a solution of sulphurous acid to re- 
j move all traces of chlorine, and then 
washeil in pure water. The sulj)hurouH 
acid, which may cling to the wowl in 
spite of washing, does not appear to 
injure it, nor alter the colours which 
are applied. 

Bhick. — (1) Obtaine<l by Iwiling 
together blue Brazil-wood, powdered 
gall-apples, and alum, in rain or river 
water, until it Incomes black. This 
liquid is then filtered through a fine 
organziue, and the objetits jxtinted with 
a new brush l^eforc the decoction has 
cooled, and this repeated until the 
wood appears of a fine black colour. 
It is then coated with the following 
luluid : A mixture of iron filings, 
vitriol, and vinegar is hesited (witliout 
Iwiling), and left a few days to settle. 
Even if the wixsl is bkick enough, yet 
for the BJikc of durability, it must be 
coated with a solution of alum and 
nitric aci<l, mixed with a little verdi- 
gris ; then a decoction of gall-apples 
and logwood dyes is used to give it a 
deep black. A decoction may be made 
of brown Brazil-wood with alum in 
rain-water, without gall-apples ; the 
wood is left standing in it for some 
days in a modemtely wann place, and 
to it merely iron filings iiv strong 
vinegar are added, and both are boiled 
with the wood over a gentle fire. For 
this purpose soft pear-wood is chosen, 
which is preferable to all others for 
black staining. 

(2) 1 oz. nut-gall broken into small 
pieces, put into barely ^ pint vinegar, 
which must be contained in an open 
v^sel ; let stapd for about } hour \ add 
1 oz. steel filings ; the vinegar wBl then 
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commence effervescing ; cover up, but 
not sufficient to exclude all air. The 
solution must then stand for about 
hours, when it will be ready for use. 
Apply the solution with a brush or 
piece of rag to the article, then let it 
remain until dry ; if not black enough, 
coat it until it is, letting it. remain 
sufficiently long to dry thoroughly 
each time. After the solution is made, 
keep it in a closely-(!orked bottle. 

(3) 1 gal. water, 1 lb. logwood chips, 

^ lb. black copperas, ^ lb. extract of 
logwo(Kl, J 11). indigo blue, 2 oz. lamp- 
black. Put these into an iron i)ot and 
Iniil them over a slow fire. When the 
mixture is cool, strain it through a 
cloth, add J oz. nut-gall. It is then 
ready for use. This is a good black 
for all kin<ls of cheap work. 

(4) 25 parts Cjirnpeachy wood, 
200 water, and 3 sulphate of copper ; 
the wood is allowed to stand 24 hours 
in this liquor, dried in the air, and 
finally immersed in nitrate of iron 
liquor at B. 

(5) Boil 8| oz. logwoo<l in 70 oz. 
water and 1 oz, blue stone, and steep 
the wood fur 2 1 hours. Take out, ex- 
pose to the air for a good time, and then 
steep for 12 hours in a l)eck of nitrate 
of iron at 4° B. If the bhiek is not 
deep enough, steep Jigain in 'logwood 
liquor. 

(6) It is customary to employ the 
clear licjuid obtained by treating 2 parts 
powdered galls with 1.5 parts wine, and 
mixing the filtered li(juid with a solu- 
tion of iron protosulphate. Reimann 
recommends the use of water in the 
place of wine. 

(7) Almost any wood can be dyed 
black i)y the following means ; Take 
logwood extract such as is found in 
commerce, powder 1 oz. , and l)oil it in 

pints of water ; when the extract is 
dissolved, add 1 dr. yellow chromate of 
potash (not the bichromate), and agi- 
tate the whole. The oj)erationis now 
. finished, and the liquid will serve 
equally well to write with or to stain 
wood. Its colour is a very fine dark 
purple, which becomes a pure black 
when applied to the Wood. 
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(8) For black and gold furniture, 
procure 1 lb. logwood chips, add 2 qt. 
water, boil 1 hour, brush the liquor in 
hot, when dry give another coat. Now 
procure 1 oz. green copperas, dissolve 
it in warm water, well mix, and brush 
the solution over the wood : it wttl 
bring out a fine black ; but the W'ood 
should be dried outdoors, as .the black 
sets better. If polish Cevnnot be used, 
proceed as follows : Fill up the grain 
with black glue — i.e., thin glue and 
lamp-black— brushed over the imrts 
accessible (not in the uirvings) ; when 
dry f)aper down with fine |vq>er. Now 
procure, say, a gill of French polish, in 
which mix 1 oz. of l)est ivory black, or 
gas black is best, well shake it until 
(juite a thick pasty mass, procure J pint 
brown hard varnish, pour a portion into 
a cup, add enough black polish to make 
it <iuite dark, then varnish the work ; 
two thin coats are better than one thick 
coat. The first coat may be glass- 
papered down where accessible, as it 
will look better. A coat of glaze 
over the whole gives a London finish. 
Enough varnish should be mixed at 
once for the job to make it all one 
colour. (Smither.) 

(9) For Tahiv. — Wash the surface of 
table with li<}uid ammonia, applied with 
a piece of rag ; the varnish will then 
pejj off like a skin ; afterwards smooth 
down with fine 8»ind-j)aper. Mix J lb, 
lampblack with 1 qt. hot water, adding 
a little glue size ; rub this staiu well 
in ; let it dry before sand-papering it ; 
smooth again. Mind you do not work 
through the stain. Afterwards amly 
the following black varnish wiw a 
broad fine camel-hair brush : Mix a 
small quantity of gas-black with 
varnish. If one coat of v.)rnish is not 
sufficient, apply a second one after the 
first is dry. Gas-black can be obtained 
by boiling a pot over the gas, letting 
the pot nearly touch the burner, when 
a fine jet black will form on the bot- 
tom, which remove, and mix with the 
vaniish. 

(10) 17 *5 oz. Bnizil-woodand0*52o 
oz. alum are boiled for 1 hour in 2 ‘76 
lb. water. The coloured liquor is then 
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filtered from the boiled Brazil-wood, 
and applied several times boiling hot 
to the wood to be stained. This will 
assume a violet colour. This violet 
colour can be easily changed into black 
W preparing a solution of 2* 1 oz. iron 
midgs, and 1 * 06 oz. common salt in 
17*5 oz. vinegar. The solution is fil- 
tered, and applied to the wood, which 
will then acquire a beautiful black 
colour. 

(11) 8*75 oz. gall-nuts and 2*2 lb. 
logwood are boil^ in 2 ■ 2 lb. rain-water 
for 1 hour in a copper boiler. The 
decoction is then filtered through a 
cloth, and applied several times while 
it is still warm to the article of wood to 
be stained. In this manner a beautiful 
black will be obtained. 


(12) This is prepared by dissolving 
0*525 oz. extract of logwo<^ in 2*2 lb. 
hot rain-water, and by adding to the 
logwood solution 0*035 oz. chromate of 
potash. When this is applied several 
times to the article to be stained, a dark 
brown colour will first be obtaine<l. To 
change this into a deep chrome-black, 
the solution of iron filings, common salt, 
and vinegar, given under (10) is applied 
to the wood, and the desired colour will 
be pr<xiuce<l. 

(13) Several coats of alizarine ink 
are applied to the wood, but every coat 
must be thoroughly dry before the 
other is put on. When the articles are 
dry, the solution of iron filings, common 
salt, and vinegar, as given in (10) is 
applied to the wood, and a veiy durable 
bh^k will be obtained. 

(14) According to Herzog, a black 
Stahl for wood, giving to it a colour 
resembling ebony, is obtained by treat- 
ing the wood with two fluids, one after 
the other. The first fluid to be used 
consists of a very concentrated solution 
of logwood, and to 0 * 35 oz. of this fluid 
are added 0 * 017 oz. alum. The other 
fluid is obtained by digesting iron 
filings in vinegar. After the wood has 
been dipped in the first hot fluid, it is 
Allowed to dry, and is then treated with 
the second fluid, several times if neces- 




Boil 1 lb. logwood 


chips 1 hour in 2 qt. water ; brush the 
hot liquor over the work to be stained, 
lay aside to dry ; when dry give another 
coat, still using it hot. When the 
second coat is dry, brush the following 
liquor over the work : 1 oz. green 
copperas to 1 qt. hot water, to be used 
when the copperas is all dissolved. It 
will bring out an intense black when 
dry. Fdr staining, the work must not 
be dried by fire, but in the sunshine, 
if possible ; if not, in a warm room, 
away from the fire. To polish this 
work firat give a coating of very thin 
glue size, and when quite dry paj^er off 
very lightly with No. 0 paper, only 
just enough to render smooth, but not 
to remove the bLwik stain. Then make 
a rubber of wiwlding about the size of 
a walnut, moisten the rubber with 
French polish, cover the whole tightly 
with a double linen rag, put one drop 
of oil on the surfiice, and rub the work 
with a circular motion. Should the 
rubber stick it requires more polish. 
Trovious to putting the French polish 
on the waflding pledget, it ought to be 
mixed with the best drop black, in the 
porportion of J oz. drop black to a gill 
of French polish. When the work has 
received one coat, set it aside to dry 
for al)out an hour. After the first 
coat is Ibid on and thoroughly dry, it 
should be partly papered off with No. 0 
paper. This brings the surface even, 
and at the same time fills up the grain. 
Now give a second coat as Iwfore. 
Allow 24 hours to elapse, again paper 
off, and give a final coat as before 
Now comes “spiriting off,” Great 
care must be used here, or the work 
will be dull instejul of bright. A clean 
rubber must be made, as previously de- 
scribed, but instead of being moistened 
with polish it must be wetted with 
spirits of wine and placed in a linen rag 
screwed into a tight even-surfa^ 
baU, just touched on the face with a' 
drop of oil, and then rubbed lightly 
and quickly in circular sweeps all over 
the work from top to bottom. One 
application 6f spirits is usually enough, ^ 
if sufiicient has been placed on the- 
rbbber at ihe otitset, but it is better 
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to use rather too little than too much 
at a time, as an excess will entirely 
remove the polish, when the work will 
have to be polished again. Should 
this be the case, paper off at once, and 
commence as at first. It is the best 
way in the end. (Smither.) 

(2) Lauber dissolves extract of log- 
wood in boiling water until the solution 
indicates 0° ^um^; 5 pints of the 
solution is then mixed with 2J pints 
pyrt>ligneou8 iron mordant of 10^, and 
^ pint acetic acid of 2°. The mixture 
is heated for J hour, and is then ready 
for use. 

(3) To imitate black ebony, first wet 
the wood with a solution of logwood 
and copperas, boiled together and laid 
on hot. For this purpose, 2 oz. logwood 
chips with IJ oz. copperas, to 1 qt. 
water, will be required. When the 
work has become dry, wet the surface 
again with a mixture of vinegar and 
steel filings. This mixture may be 
made by dissolving 2 oz. steel filings 
in i pint vinegar. When the work 
has become dry again, sandpaper down 
until quite smooth. Then oil and fill 
in with powdered drop black mixed in 
the filler. Work to be ebonised should 
be smooth and free from holes, etc. 
The work may receive a light coat of 
quick-diying varnish, and then be 
rubbed with finely-pulverised pumice 
and linseed-oil until very smooth. 

(4) 1 gal. strong vinegar, 2 lb. ex- 
tract of logwood, ^ lb. green copperas, 
J lb. China blue, and 2 oz. nut-gall. 
Put these in an iron pot, and boil them 
over a slow fire until they are well dis- 
solved. When cool, the mixture is 
r^y for use. Add to the above ^ 
pint iron rust, which may be obtained 
by scraping rusty hoops, or preferably 
by steeping iron filings in a solution of 
acetic acid or strong vinegar. 

(6) Common ebony stain is obtamed 
hr preparing two baths ; the first, ap- 
puM warm, consists of a logwood de- 
coction, to every quart of which 1 dr. 
alum is added ; the second is a solution 
of iron filings in vinegar.- After the 
wood has dried from the first, the 
second is applied as oftto as is required. 


For the first-named bath some sub- 
stitute 16 oz. gall-nut, 4 oz. logwood 
dust, and 2 oz. verdigris, boiled in a 
sufficient quantity of water. A pecu- 
liar method of blackening walnut is 
in use in Numberg. On one of the 
Pegnitz Islands there is alargegrindftig- 
mill, turned by the stream, where iron 
tools are sharpened and polished. The 
wood is buried for a week or more in 
the slime formed by the wheels ; when 
dug out it is jet black, and so per- 
meated by silica as to be in effect 
petrified. Another way to ebonide 
flat surfaces of soft wood is to rub very 
fine charcoal-dust into the pores with 
oil. This works beautifully with’ the 
European linden and American white- 
wood. 

(6) For a fine black ebony stain, 
apple, pear, and hazel wood are the 
b^t woods to use; when stained 
black, they are most complete imi- 
tations of the natural ebony. For 
, the stain take — gall-apple, 14 oz. ; 
j rasped logwood, oz. ; vitriol, If 
oz. ; verdigris. If oz. For the second 
coating a mixture of iron filing (ipure), 
3^ oz. , dissolved in strong wine vine- 
gar ; If pint is warmed, and when 
cool the wood already blackened is 
coated 2 or 3 times with it, allowing it 
to dry after each coat. For articles 
which are to be thoroughly saturated, 
a mixture of If oz. sal-ammoniac, with 
a sufficient quantity of steel filings, is 
to be placed in a suitable vessel, strong 
vin^ar poured upon it, and left for 
14 days in a gently-heated oven. A 
I strong lye is now put into a suitable 
I pot, to which is added coarsely-bruised 
gaU-apples and blue Brazil shavings, 
and exposed for the same time as ^e 
former to the gentle heat of an oven, 
which will then yield a good liquid. 
The woods are now laid in the first- 
named stain, boiled for a few hours, 
and left in it for 3 days longer ; they 
are then placed in the second stain 
and treat^ as in the first. If the 
articles are not then thoroughly satu-^ 
rated, they may be once more placed 
in the fiirat bath, and then m the 
second. The fkilish used for wood 




OTAINB AND OTAINING : YV OOQ. 




tbftt is stained black should bo 
“white” (colourless) polish, to which 
a very little finely-ground Prussian 
blue should be add^. 

(7) Wash with a concentrated 
aqueous solution of extract of logwood 
se^ral times ; then with a solution of 
acetate of iron of 14° B., which is 
repeated until a deep black is pro- 
duced. 

(8) Beech, pear-tree, or holly steeped 
in a strong liquor of logwowi or galls. 
Let the wood dry, and wash over with j 
solution of sulphate of iron. Wash 
with clean water, and repeat if colour 
is not dark enough. Polish with 
black polish. 

(9) Oak is immersed for 48 hours in 
a hot saturated solution of alum, an«l 
then brushed over several times with a 
logwood decoction prepired as follows : 
Boil 1 part best logwo<Ml with 10 of 
water, filter through linen, and evapo- 
rate at a gentle heat until the volume 
is reduced one-half. To every quart 
of this add 10 to 15 drops of a saturated 
solution of indigo, completely neutral. 
After applying this dye to the wood, 
rub the latter with a saturaterl and 
filtered solution of verdigris in hot 
concentrated acetic acid, and re|)eat 
the operation until a black of the 
desired intensity is obtained. Oak 
thus stained is said to be a close as ^ 
well as handsome imitation of elsroy. ' 

(10) * 1 lb. logwood chij)s, 3 pints j 
water ; boil to 1 pint ; apply hot to i 
wood ; let dry ; then give another coat ; ' 
let dry slowly ; sandpiper smooth ; mix ! 
1 gill vinegar with 3 tablespoonfuls iron • 
or steel filings ; let stand 5 hours, then 
brush on wood ; let dry ; then give 
another coat of the first. This sends 
the vinegar deejrer into the wood and j 
makes a denser black ; after which paper | 
smooth. Then polishwith white French j 
polish, as the white brings out the black | 
purer than common French polish. The ' 
woods observed to take on the stain best i 
are pear-tree, plane-tree, and straight- 

, reede4 birch ; mahogany does not stain ^ 
nearly so well as the former woods. ^ 

(11) Get 1 -lb. of logwood chips and ! 
boil them down in enough water to ' 


make a good dark colour ; give the 
furniture 3 or 4 coats with a sponge ; 
then put some rusty nails or old iron 
into a bottle with some vinegar, and 
when it liegins to work give the furni- 
ture a coat of the vinegar. Tliis, if you 
have well darkened it with the first, 
will give you a good V)lack. Oil and 
polish in the usual way, rubbing down 
first with line j)ai)er if required. A 
quicker way is to give the wood a coat 
of size and iampltlack, and then use gas- 
black in your |K)lish rubber. 

(12) Make a strong decoction of log- 
wood by Iwiling 1 lb. in 1 qt. water for 
about 1 hour ; add thereto a piece of 
washing sotla as large as a hazel-nut. 
Apply hot to the wood with a soft 
brush. Allow to dry, then paint over 
the \vo(kI with a solution of sulphate of 
iron (1 oz. to the pint of water). Allow 
this to dry, and ref)eat the logwood and 
sulphate of iron for at lejist three times, 
finishing olf with logwofxi. Once more 
allow to dry thoroughly, then saiul- 
paper olf very lightly (so as not to 
remove the dye) with No. 0 paper. 
Now make a very thin glue size, boil 
in it a few chips of .logwocnl and a 
crystal or two of sulphate of iron, just 
sutlicient to make it inky black. Paint 
this lightly over the work, allow to dry 
once more, again sandpaper lightly, 
and finally either vaniish with go<^ 
hard white varnish, or polish with 
French polish and drop black. 

Bluc,—{\) Powder a little Prussian 
blue, and mix to the consistency of 
paint with beer ; brush it on the woo<l, 
and, when dry, size it with glue dis- 
8olve<l in boiling water ; ai)ply luke- 
warm, and let this dry also ; then rub 
down and varnish or French polish. 

(2) Indigo solution, or aconcentratod 
hot solution of blueyitriol, followed by 
a dip in a solution of washing soda. 

(3) Prepare as for violet, and dye 
with aniline blue. 

(4) A beautiful blue stain is obttimed 
by gradually stirring O’ 62 oz. finely 
powdered indigo into 4 *2 oz. sulphuric 
acid of 60 per cent. , and by exposing 
this mixture for 12 hours to a tempera- 
ture of 77° F.«(26° C.). The mass 
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ie tlien poured into 11 to 13 lb. rain- 
water, and filtered through felt. This 
filtered liquor in applied several times 
to the wood, until the desired colour 
has been obbiined. The more the 
solution is diluted with water, the 
lighter will be the colour. 

(6) 1*05 oz. finest indigo carmine, 
dissolved in 8 ‘75 oz. water, applied 
several times to the articles to l)e 
stained. A very fine blue is in this 
manner obtiined. 

(6) 3‘.^)oz. French verdigris arc dis- 
solved in 3 5 oz. urine anti 8*7r> <jz. 
wine vinegar. The solution isfilteretl 
and applied to the article to lai stained. 
Then a solution of 2 • 1 oz. carbonate of 
potash in 8' 75 oz. rain-water is pre- 
f)ared, anti the article cttltmrcd with 
the verdigris is brushetl tivcr with this 
stdution until the desiretl blue colour 
makes its ap[)eiirance. 

(7) The newest ])roccsscs of sUiining 
wood blue are those with aniline ct dours. 
The following coltmrs may Ite chosen 
for the staining litjuor : llleu de Lyon 
(reddish blue), bleu tie lumiere (pure 
blue), light blue (greenish 1 due). These 
colours are disstilvetl in the proportitui 
of 1 part coltairing substance to 30 of 
spirits of wine, ainl the wood is treateil 
with the solutitMi. 

linmn. — (1) Various torieff may Ihj 
produced by mordanting with chromate 
of potash, and a})plying a tlecoetion of 
fustic, of logwood, or of pejichwood. 

(2) Sulphuric acitl, more or less di- 
lutee! according to the intensity of the 
colour to be pnaluced, is applietl with 
a brush to the wotxl, previously cleaned 
and dried. A lighter or darker brown 
stain is obtained, according U) the 
strength of the acid. When the jicid 
has acted sufficiently, its further action 
is arrested by the application of am- 
monia. 

(3) Tincture of iodine yields a fine 
brown adoration, which, however, is 
not permanent uidess the air is ex- 
cluded by a thick cotiting of polish. 

(4) A simple brown wash is § oz. 
alkanet root, 1 oz. aloes, 1 oz. dragon’s- 
blood, digested in 1 lb. alcolnd. This is 
appli^ after the woodlias been washed 


with aqua regia, but is like all the alco- 
holic washes, not very durable. 

Broim for Oak Picture-Frames.-^ 

(1) Dissolve 1 oz. of bichromate of 
potash in 1 qt. of rain-w^ater, and add 
sufficient dry burnt urnber for the re- 
quired shade. For a darker tint iffb- 
stitute Vandyke brown for the umber, 
i Apply liberally with brush or rag in the 
direction of the grain. The potash lias a 
darkenuig effect without the cidouring 
iiMitbTs, so trial should be made on 
cmUI pieces of wocmI. 

/iroiniH for old Oak. — (1) In rejiair- 
ing (dd furniture any new material 
must be stained to match the old. 
There appears to be no better way of 
doing this than using a simple solution 
of jiermanganate of potash in water. 
The depth of c(dour can be tried on 
any s|«re cut. tings. 

(2) When old oak is to be made of a 
deeper shade, iron wjish is used. Tliis 
is made by jMjuring some vinegar over 
Bcmp ii‘on, \\hich, after a few hours, 
will make a lit[uid with which old oak 
am l»e stsdned to the deejiest shade. 
It is not suited for new oak as it gives 
a purjdish sliade with this, but it suits 
j (dd (or fumed new) wood well. 

Orcen.—(l) Mordant the wood with 
' ral li<[uor at 1 ° B. This is prepared by 
' dissolving scjiaratcly in w^ater 1 part 
sugar of laid and 4 of alum free from 
iron ; mix the solutions, and then add 
1 -jij part of soda crystals, and let settle 
j overnight. The clear liquor is de- 
I canted off from the sediment of sulphate 
I of lead, and is then diluted with water 
I till it marks 1° B. The w'ood, when 
mordanted, is dyed green with berry 
liquorand extractof indigo, therelative 
proportions of which determine the tone 
of the green. 

(2) Veniigris dissolved in 4 parts 
water ; or in \inegar. 

(3) 4*2 oz. copfier, cut up finely, are 
gradually dissolval in 13 oz. nitric acid 
(aquafortis), and the articles to be 
sUined are boiled in this solution until 
they have assumed a fine green colour., 

(frey. — (1) Greys may be produced 
by Ixiihug 17.,oz. orchil paste for J hour 
in 7 pints water. The wood is first 
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treated with this solution, and then, 
before it is dry, steeped in a beck of 
nitrate of iron at 1® B. An excess of 
iron gives a yellowish tone ; otherwise 
a blue grey is produced, which may be 
CQmpletely converted into blue by 
mehns of a little potash. I 

(2) 1 part nitrate of silver dis- j 

Bolv^ in 50 of distilled water ; wash 
over twice ; then with hydrochloric ' 
acid, and afterwards with water of | 
ammonia. The wood is allowed to dry | 
in the dark, and then finished in oil and ! 
polished. j 

(3) An artistic grey-green : Brush 
the wood over with a solution of 1 part | 
of pyrogallic acid in 20 of water. • 
When dry go over with a solution of 1 I 
part of aniline green in 12 of alcohol. | 

(4) ^ lb. verdigris, 1 oz. sap green, j 
1 oz. indigo, 3 qt. vinegar. Wash the 
wood with the hot liquor, or boil the 
wood in it. 

(6) Dark green^blue for oak. Wash 
over with copperas in water. ! 

(6) Green-grey for maple. Wash 
over with copperas in water. 

Mahogany . — (1) Boil J lb. madder , 
' and 2 oz. logwood chips in 1 gal. | 
water, and brush well over while hot. I 
When dry, go over with pearlash solu- j 
tion, 2 dr. to the quart. By using it | 
stroi^ or weak, the colour can be 
varied at pleasure. 

(2) Soak 1 lb. stick varnish in 2 qt. 
water until all the colour is dissolved 
out ; strain off the water, and add to 
the residue 25 dr. powdered madder. 
Set the mixture over the fire until it 
is reduced to | of its original volume. 
Then mix together 25 dr. cochineal, 
25 dr. kermes berries, 1 pint spirits of 
wine, and i oz. pearl^h, out of which 
the colour nas b^n washed by soaking 
in a gill of soft water. Add this mix- 
ture to the decoction of madder and 
varnish, stirring well together, and 
addi^ so much aquafortis as will 
bring the red to the desired shade, 
(^werbehalle.) 

< (3) Dark l^ogany. — Introduce 

'into a bottle 15 gr, alkanet root, 30 
gr. albes, 30 gr. powdgred diagon’s- 
mood, and 500 gr. 95 per cent, alcohol, 


I closing the mouth of the bottle with 
I a piece of bladder, keeping it in a 
I warm place for 3 or 4 days, with 
I occasional shaking, then filtering the 
liquid. The wootl is first mordanted 
with nitric acid, and when dry washed 
with the stain once or oftener, ac- 
cording to the desired shade ; then, 
the wood being dried, it is oiled and 
polished. 

(4) Light Mahogany.— Same as dark 
mj^c^ny, but the stain being only 
applied once. The veins of true 
mahogany may be imitated by the use 
of acetate of iron .skilfully applied. 

(5) The following process is recom- 
mended in ‘ Wiederhold's Trade Cir- 
cular ’ ; The coarse wood is first coated 
with a colouretl size, which is prepared 
by thoroughly mixing up. in a warm 
solution, 1 pirt commcrckil glue in 6 
of water, and a sufficient quantity of 
commercial mahopny brown, which 
is in reality an iron oxide, and in 
colour stands between so-called English 
red and oxide of iron. This is best 
effected by adding in excess a sufficient 
quantity of the dry colour with the 
warm solution of glue, and thoroughly 
mixing the mass by means of a brush 
until a uniform |jaste is obtained, in 
which no more dry reil particles are 
seen. A trial coat is then laid upon a 
piece of wood. If it is desired to give 
a light mahogany colour to the object, 
it is only necessary to add less, and 
for a (hirker colour more, of the brown 
body-colour. When the coat is dry, 
it may be tested, by rubbing with the 
fingers, whether the colour easily 
separates or not. In the former case, 
more glue must be added until the dry 
trial coat no longer perceptibly rubs 
off with the hands. Having ascer- 
tained in this way the right condition 
of the size colour with respect to tint 
and strength, it is then warmed 
slightly, and worked through a hair 
sieve by means of a brush. After this, 
it is rublKid upon the wood surface 
with the brush, which has been care- 
fully washed. It is not necessaiy ta 
keep the colour warm during the 
paintiug. Sh(Atld it become t^ck by 
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gelatinising, it may be laid on the 
wood with the brush, and dries more | 
ra[)idly than when the colour is too 
thin. If the wood is porous and 
absorbs much colour, a second coat may 
be laid on the first when dry, which 
will be sufficient in all cases. On 
drying, the size colour appears dull 
and unsightly, but the following coat 
changes immediately the appearance 
of the surface. This coat is spirit 
varnish. For its production 3 parts 
spirits of wine of 90“ are added in 
excess to 1 part of red acaroid resin in 
one vessel, and in another 10 parts 
shellac with 40 of spirits of wine of 
80®. By repeated t^tation for 3 or 4 
days the spirit dissolves the resin 
completely. The shellac solution is 
then poured carefully from the sedi- 
ment, or, better still, filtered through 
a fine cloth, when it may be observed 
that a slight milky turbidity is no 
detriment to its use. The resin solu- 
tion is iKjst filtered into the shellac 
solution by pouring through a funnel 
loosely packed with waddmg. When 
filter^, the solutions of both resins are 
mixed by agitating the vessel and 
letting the varnish stand a few days. 
The acaroid resin colours the shellac, 
and imparts to it at the same time the 
d^ree of suppleness usuall/ obtained 
by the addition of Venetian turpentine 
or linseed-oil. If the varnish is to be 
employed as a coat, the upper layers 
are poured ojBT at once from the vessel. 
One or two coats suffice, as a rule, to 
give the object an exceedingly pleasing 
effect. The coats dry very quickly, 
and care must be taken not to apply 
the second coat until the first is com- 
pletely dry, 

(6) 7* 5 oz. madder, 8*76 oz. rasped 
yellow wood, boiled for 1 hour in 
5‘5 lb. water, and the boiling liquor is 
applied to the articles until the desired 
colour has been produced. 

(7) 1*06 oz. powdered turmeric 
1*06 oz. powdered dn^on’s-blood, are 
digested m 8*76 oz. of 80 per cent, 
sti^ alcohol, and when the latter 
seems to be thoroug^y coloured it is 
filtered through a cloth. The filtrate 


is heated and applied warm to the 
article. 

(8) 1 7 * 5 oz. madder, 8 * 76 oz. ground 
l(^ood, are boiled for 1 hour in 6*6 
lb. water. This is filtered while still 
warm, and the warm liquor is ap^pd 
to the wood. When this has be^me 
dry, and it is desired to produce a 
darker mahogany colour, a solution of 
0*526 oz. carbonate of potash in 4*4 
lb. water is applied to the wood. This 
solution is prepared cold, and filtered 
through blotting-paper. 

(9) 0 * 35 oz. r^ aniline is dissolved in 
8*75 oz. spirits of wine 90 per cent, 
strong. Then another solution of 
0*35 oz. aniline yellow in 17*6 oz. 
spirits of wine 90 per cent, stror^ is 
made, and this is added to the aniline 
solution until the retiuired reddish- 
yellow colour is obtained. By addii^ 
a little of a solution of aniline brown 
(0*35 oz. aniline brown in 10*6 oz. 
spirits of wine 90 per cent, strong), 
the colour is still more completdy 
harmonised, and a tint very closely 
resembling mahogany can be given to 
elm and cherry wood with tins mix- 
ture. 

(10) 0*7 oz. logwood is boiled in 
3*5 oz. water down to about This 
is then filtered, and 0*12 oz. chloride 
of baryta is dissolved in it. 

(11) Cliippendal ^. — Take mahogany 
stain and darken it by a solution of 
bichromate of potash. A pennyworth 
of the latter is sufficient for a pint of 
water. Its strength can be tested on . 
an odd piece of new wood. More water 
can be added if necessary. 

Maple,— ‘2 gal. methylated spirits, 
I lb. gamboge, 6 lb. pale button lac, 
I oz. Bismarck brown, 1 oz. Vandyke 
brown. 

Oojfc.— -Mix powdered ochre, Vene- 
tian red, and umber, in size, in pro- 
portions to suit ; or a richer stain*may 
be made with raw sienna, burnt sienna, 
and Vandyke brown. A light yellow 
stain of raw sienna alone is very .effec- 
tive. • 

Dwrhening Oah.—{V) Lay on li<mid 
ammonia with a rag or brush, ^e 
colour deepens immediately, and does 
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not fade, this being an artificial pro- 
duction of the process which is induced 
naturally by age. Bichromate of pot- 
ash, dissolved in cold water and applied 
in a like manner, will produce a very 
s^ilar result. 

(2) In Germany, the cabinet-makers 
use very strong cofiee for darkening 
oak. To make it very dark : iron filings 
with a little 8ulj)huric acid and water, 
put on with a sponge, and allowed to 
dry between each application until the 
right hue is reached. 

(3) Whitewash with fresh lime, and 
when dry brush off the lime with a 
hard brush, and dress well with linseed- 
oil. It should be done after the wood 
has been worked, and it will make not 
only the wood, but the carving or 
moulding, look old also. 

(4) Use a strong solution of common 
washing-soda, say one or two coats, 
until the proper colour is obtained. Or 
you may try carbonate of potash. Paper 
and finish ofi* with linseed-oil. 

(5) A decoction of green walnut- 
sh^s will bring new oak to any shade, 
or nearly black. 

Purple, — (1) Take 1 lb. logwood 
chips, I gal. water, 4 oz. f)earlash, 2 oz. 
powdered indigo. Boil the logwood in 
the water till the full strength is 
obtained, then add the pearlash and 
indigo, and when the ingredients are 
dissolved the mixture is ready for use, 
either warm or cold. This gives a 
beautiful purjfie. 

(2) To stain wood a rich purple or 
chocolate colour, boil Jib, madder and 
J lb. fustic in 1 gal. water, and when 
boiling brush over the work until 
stained. If the surface of the work 
should be perfectly smootli, brush over 
with a weak solution of nitric acid, 
then finish with the following : Put 
4J oz. dragon’s-blood and 1 oz. soda, 
both well bruised, into 3 pints spirits 
of wine. Let it stand in a warm place, 
shake frequently, stain and lay on with 
a soft brush, repeating until a proper 

* colour is gained. Polish with linse^- 
o3 or varnish. 

(3) 2*2 lb, lasped logwood and 5*5 
lb. rasped Lima'^ dyewood are boiled 


for 1 hour in 6 * 5 lb, water. It is then 
filtered tlirough a cloth and applied to 
thearticleto bestained until the desired 
colourhas been obtained. In the mean- 
while a solution of 0*17.') oz. carbonate 
of potash in 1 7 ’ 5 oz. water hjis been 
prepared, and a thin coat of this is 
applied to the article stained red . But 
strict attention must be fttiul not to 
apply too thick a cotit of this solution, 
or else a dark blue colour will be the 
result. 

Red. — (1) The wood is plunged first 
in a solution of 1 oz. of cui’d soap in 
36 fl. oz. water, or else is rubl»ed with 
the solution ; tlieu mageiibi is applied 
in a state of sufficient dilution to bring 
out the tone required. All the aniline 
colours Ijehave very well on wood, 

(2) For a red stain, a decoction of 
J lb. logwood and J oz. poUxsh in 1 lb. 
water is used as the bath. Ixiing fixed 
by a wash of alum water. For scarlet, 
use 1 oz. cochineal, 6 oz. powdered 
argol, 4 oz. cream tartar, in 12 oz. 
chloride of tin (scarlet spirits). 

(3) Take 1 qt. alcohol, 3 oz. Brazil- 
wood, J oz. dragon’s-blood, J oz. cochi- 
neal, 1 oz. saffron. Steep to full strength 
and strain. It is a b^utiful crimson 
stain for violins, work-boxes, and fancy 
articles. 

(4) Bdsides theaniline colours, which 
are, however, much affectetl by sunlight, 
cochineal gives a very good scarlet red 
upon wood. Boil 2 oz. cochineal, pre- 
viously reduced to a fine {Kjwder, in 
35 oz. water for 3 hours, and apply it 
to the wood. When dry, give it a coat- 
ing of dilute chloride of tin to which is 
added a little tartaric acid — 1 oz. chlo- 
ride of tin, and J oz. tartaric acid in 
35 fl. oz. water. If, instead of water, 
the cochineal is boil^ in a decoction of 
bark (2 oz. bark to 35 oz. water), and 
the chloride of tin is used as above, an 
intense scarlet and all shades of orange 
may be produced according to the pro- 
portions. 

(5) Take 1 gal. alcohol, 1 J lb. cam- 
wood, J lb. red sanders, 1 lb. extract of 
logwood, 2 oz. aquafortis. When dis- 
solved, it is ready for use. It should be 
applied in 3 coara over the whole ear- 
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face. When dry, rub down to a smooth parts water for a first coat, and corro- 
Burface, using for the purpose a very sive sublimate in 20 parts water for a 
fine paper. The graining is done with second. 

iron rust, and the sliading with asphal- ^ (12) Crimson. — 1 lb, ground Brazil- 

turn thinned with spirits of turpentine. ' wood, f gal. water, ^ ox. cochineal. 
When the shiiding is dry, apply a thin ^ Boil the Brazil-wood for an h(^, 
coat of shellac ; and when that is dry, ' strain and add the cochineal ; Bail 
rub down with fine paper. The work gently for 30 minutes and it is ready 
is then ready for varnishing — a fine rose for use. 

tint. I Rosnvoofi. — (1) In 3 qt. of water 

(6) Monnier recommends steeping l)oil 1 lit. of logwood until a dark red 
the wood for sc\’eral hours in a batli colour is obUiined, then add 1 oz. of 
of 1200 gi\ iodide of jjotiissium to the salts of tartar. (Jive the wood 3 or 
quart of water, and then immersing it 4 coats while theliijuid is scalding hot, 
in a bath of 37.^ gi’. corrosive sublimate, letting eiich coat dry. If desired, this 
when it will fissume a beautiful rose- can Ikj grained with black stain, if a 
red colour h}' chemical precipitation, goial imitation of real rosewood is 
It should suhseiiuently l)e covered with re<iuire<l. 

a glossy varnish. The Iwiths will not SittmwooH . — Take 1 (jt. alcohol, 3 
nee<l rejiewal fora long time. oz. ground tiirmcrie, oz. powdered 

(7) 2'2 lb. finely -ixfwdcred Lima red gamlKige. When steeped to il/S full 
dyew<MKl an<l 2'1 oz. carlsjuate of strength, strain through fine muslin, 
potash are f)ut in a glass Ixdtle and It is then reiwly for use. Apply with 
digested in r> ■ f) lb. water for 8 days in a piece of fine sjxuige, giving the work 
a warm ydace ; the bottle should bo 2 coats. When dry, sjuidjiaper down 
frequently shaken. It is then filtertnl very fine. It is then i-efuly for polish 
through a clotli ; tlie fluid is heiited, or varnish, and is a good imitation of 
and applied to the article to l)e stained sJitinwood. 

until the latter aciiuires a beautiful Violet. — (1) The wood is treated in 

colour. If itis<lcsiredtobiighten the a bath imwle up with oz. olive-oil, 
colour, a solution of 2'1 oz. alum, free the same weight of stKia-jxsh, and 
from iron, in 2‘2 1b. water is applied pints Ixuling water, and it is then 
to the article while it is still wet. The dyed with magnehi to which a corre- 
lust solution can Iks pre|»ared by heat ; sponding (juantity of tin crystals has 
when it has beeti accomplished, it is l)een {wkled. 

filtered. As soon as the stidns have (2) 1 lb. Bnizil-wo(Ml, J oz. alum, 
become dry, they should be rubbed 2^ pints water. Boil U>gether and 
with a n«g moistened with linseed-oil, strain. Apply 3 or 4 coats while 
after which the varnish may be applied, boiling hot, letting each coat dry. 

(8) Cherry. — 3 <]t. of water, | lb. ' BWaM<.--l)ejiI and other common 
annatto ; btul together in a ct»j)j)er woods are stained to imitate polished 
vessel until dissolved. Now add a piece wohiut in various ways. 

of potash about the size of a walnut, { (1) One method is, after careful 

tmd boil for 30 minutes longer. ! rubbing with glasspaper, to go over 

(9) Superior Cherry. — Use common the surface with a preparation of 

Munich lake. This produces a beautiful Cassel brown Iwiled in a lye of soft 
rich cherry shade. ' soap and 8(xla. After drying, the 

(10) Cherry for Common Work. — surface is rubbed over with pumice 
Dissolve common dark yellow ochre in and oil, and polished with Celiac, 
water and add a little old beer. Apply , The Cassel brown will not take equally 
one cojit. When dry, rub down with ; well on all kinds of wood, so that if • 
fine glass-paper and then go over with ' not laid on thick it sometimes comes 

a coat of lod lake ground in water. off under the subsequent pumicing ; 

(11) Rose.— Iodide ^ potash in 12 whilst on the other hand this same 
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thickneas conceals, more or less, the 
grain on the wood beneath, giving it 
the appearance of having been painted. 

(2) Others use instead a decoction 
of green walnut-shells, dried and boiieil 
iBithe same lye, or in soft water to 
wUch soda has .been added. The 
decoction of walnut-shells is apt to 
come off on the clothes as a yellowish 
adhesive sul)stance. 

(3) Others, again, employ catechu and 
bichromate of jotash in equal parts, 
boiled separately and afterwards mixed. 
The mixture of catechu and bichn)mate 
of potash leaves a reddish-brown de- 
posit on the surface of the wood, not 
unlike real walnut. 

(4) The following is said to be a 
very superior meth(^ for staining any 
kind of wood in imitation of walnut, 
while it is also cheap and simple in its 
manipulation. The wood, previously 
thoroughly driixl and warmed, is coated 
once or twice with a stain composed 
of 1 oz. extract of walnut-peel dis- 
solved in 6 oz. soft water by heating it 
to boiling, and stirring. The wood 
thus treat^, when half dry, is brushed 
with a solution of 1 oz. bichromate of 
^tash in 5 oz. boiling water, and is 
"then allowed to dry thoroughly, and 
is to be rubbed and polished as usual. 
Bed beech and alder, under this treat- 
ment, assume a most deceptive re- 
semblance to American walnut. The 
colour is fixed in the wood to a depth 
of one or two lines. 

(6) Mix dragon’s-blood and lamp- 
blfi^k in methylated spirits till you get 
the colour required, and rub it well 
into the grain of the wood. 

(6) Light Walnut.— Dissolve 1 part 
permanganate of potassium in 30 of 
pure water, and apply twice in suc- 
cession ; after an interval of 5 minutes, 
wash with clean water, and when dry, 
oil and polish. 

(7) Dark Walnut.— Same as for light 
wi^ut, but after the washing with 
Mer the dark veins are made more 

with a solution of acetate of 

mm. 

(8) In the winter season get some 
privet berries (black), which grow in 


most gardens, and put *2 oz. in ^ pint 
solution of li(juid ammonia. This, 
applied to pine, then varnished or 
polished, cannot be detected from real 
walnut itself. 

(9) Take 1 gal. very thin sized shel- 
lac ; aiid 1 lb. dry burnt umber, 1 lb. 
dry burnt sienna, ami } lb. lampblack. 
Put these articles into a jug and shake 
fre(iueutly until they are mixeil. 
Apply one coat with a l>rush. When 
the work is dry, rub down with hue 
paper, and apply one coat of shellac or 
cheap varnish. It will tlicn ha a gocKl 
imitation of solid walnut, and will 
adapted for the biick U>anLs of mirror- 
frames, for the biick and inside of 
casework, and for similar work, 

(10) Take 1 gal. .strong vinegar, 1 lb. 
dry burnt umber, \ lb. tine ro.^e-pink, 
j lb. dry burnt Vandyke brown. Put 
intoatinand mix well ; let themixture 
stand one day, and it will then be i*eady 
for use. Appl)- this stain to the wood 
nitli a piece of tine sjtonge ; it w’ill dry 
in J hour. The whole piece is then 
readyfor the filling process. When the 
work is completed, the stained part 
cannot be detected even by those who 
have performed the job. By means of 
this recipe, wood of poor quality and 
mostly of sap can be used with good 
effect. * 

(11) By a simple staining, furniture 
of piue or birch wood can be easily 
made to appear as if it had been ve- 
neered with walnut veneer. For this 
a solution of 3*15 oz. manganate of 
potash, and 3'15 oz. sulphate of man- 
ganese in 5 ’ 25 qt. hot water, is made. 
This solution is applied to the wood 
with a brush, and must be repeated 
several times. The manganate of 
potash is decomposed when it comes in 
contact vrith the woody fibre, and thus 
a beautiful and very durable walnut 
colour is obtained. If small wooden 
articles are to be stained in this manner 
a very diluted bath is prepared ; the 
articles are dipped into it, and kept 
there 1 to 9 minutes aoccxrding as w 
colour is desired lighter or dMer. 

(12) Darkening WalmU. — Slaked > 
linw, 1 to 4 of water, wUl do for some . 
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kinds of walnut ; a weak solution of 
sulphate of iron for others ; and yet 
agam for other kinds a weak solution 
of pearl-ash. Try each on the wood, 
and choose the one you like best. 

(13) To give to walnut a dark 
colour resembling rosewood, Hirsch- 
berg uses a solution 0 ‘ 1 7 oz. bichromate 
of potash in 1’05 oz. water. This 
solution is applied to the walnut with 
a R|K)nge, and the wood is then pumiced 
and polisheil. 

Yetlaw. — (1) Mordant with red 
liquor, and dye with bark liquor and 
turmeric. 

(2) Turmeric dissolved in wood 
naphtha. 

(3) Aqua regia (nitro-rmiriatic acid), 
diluted in 3 parts water, is a much- 
used though rather destructive yellow 
stain. 

(4) Nitric acid gives a fine permanent 
yeUow, which is converted into dark 
brown by subsec^uent application of 
tincture of iodine. 

(6) Wash over with a hot concen- 
trate solution of picric acid, and when 
dry, polish the wo(k1. 

(6) 0‘5 oz. nitric acid (aquafortis) 
is compounded with Tfi? oz. rain- 
water, and the article to be stained is 
brushed over with this. Undiluted 
nitric acid gives a brownish-yellow 
colour. 

(7) 2*1 oz. finely-powdered turmeric 
are ^gested for several days in 1 7 • 6 oz. 
alcohol 80 per cent, strength, and then 
stramed through a cloth. This solu- 
tion is applied to the articles to be 
stained. When they have become 
entirely dry, they are burnished and 
varnished. 

(8) 1 ’ 57 oz. carbonate of potash are 
disMlvcd in 4*2 oz. rain-water. This 
solution is poured over0*62oz. annatto, 
and this mixture is allowed to stand 
for 3 days in a warm place, being fre- 
quently shaken in the meanwhile. It 
is then filtered, and 0’17r) oz. spirit of 
sal-ammoniac is added to it. The stain 
Is now ready, and the articles to be 
stained will acquire a very beautiful 
bright yellow colour by placing them 


(9) Bright Gk)lden Yellow. — 0' 62 
oz. i^ely-powdered madder is digested 
for 12 hd^s with 2*1 oz. diluted sul- 
phuric acid, and then filtered through 
a cloth. The eirticles to be stained are 
allowed to remain in this fluid 3^4 
days, when they will be stained 
through. 

(10) Orange Yellow.— J lb. orange 
shellac, 3 pints methylat^ spirits, 1 
oz. i)earl ash, oz. dragon’s-blood. 

Fwtfiig(Uitig( or Ammoniamng) Oak. 
— ^This process is adopted to give oak 
wainscot or other work an antique 
appearance. The tint obtained is very 
go^, but it does not penetrate the 
wood deeper than a stain. Obtain 
some liquid ammonia of 880° strength 
I •(specific gravity). Arrange that the 
wood to be treated be so stacked 
that the ammonia fumes may get to 
all the parts or surfaces that need 
tmting. The wood must be arranged 
in a ^rk and air-tight room, or in a 
! soundly closing box if this is large 
enough for the wood. The ammonia 
is then poured into one or more earthen- 
ware plates, or dishes, according to the 
size of the room, and placed on the 
floor. The apartment is then closed, , 
and it is best if all cracks have paper 
pasted over them. The ammonia must 
not touch the oak ; it is the fumes 
only that do the work, acting on the 
tannic acid and browning it. The 
depth of shade will depend on the timie 
allowed and the amount of sunmonia 
exposed, but in all cases the colour 
goes in deep enough to admit of a thin 
shaving being removed, if necessary, 
without showing the light wood 
beneath. 

Da/rkening the Natural Tint of Woodi^ 
— ^Make a solution of equal parts of 
manganate of soda and crystallised 
Epsom salts, dissolved in 20 to 26 times 
the bulk of water at about 145° F. 
The more water used the lighter the 
effect, while by lessening the water the 
tint will be darker. The wood is 
simply brushed over with this soluthm. • 
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The Steam Loop.” 

This peculiar device— an arrangement 
of piping really — was introduced with 
the view to having condense water 
auifomatically delivered into a steam 
boiler, although the water is first 
collected at a point below the boiler 
level. Fig. 130 shows the scheme of 
piping, and will serve to describe its 
action. The boiler will Iw seen on the 
right, a steam supply main leiiving its 



top as usual. It is supposed in this 
instance that the supply main has to 
drop below the water level, then rise 
to a fair amount of work, so that con- 
dense water gathers at B in some volume. 
In the ordinary way it would be dis- 
charged by a trap, but in this case the 
steam loop i « us^ to carry it back into 
the boiler. It may be here mentioned 
that no check or stop valves are needed 
in the loop to make it act ; they are only 
put in when the fitter considers they 
,will serve some special purpose. 

From the point B, where the water 
collects, a connection is made and the 
riser G taken up in the manner shown. 
This riser can be any size from | in. to 
2 in., according to the amount of water 

* to be dealt with. At a required height 
(which will be understo^ directly), 

• Hhis riser dips down and is connect^ 
to a larger sized horizontal pipe D. 
If the riser \^as 1| in. pipe, the hori- 
zontal could M ^ in. ^m the hori- 


zontal a drop-pipe or drop-leg, is carried 
down to boiler and enters below the 
water line. This is all there is of the 
steam loop, merely some 30 ft. of pipe 
and fittings. 

Supp(JBing the pressure in the boiler 
; was 20 lb. and the pressure at B 18 lb. 
then the water column in drop leg E 
would rise nearly 5 ft.* to obtain a 
balance of pressure, an equilibrium in 
the loop. The equilibrium, however, 
is constantly being disturb^ by the 
fact that steam condenses in the riser 
C and particularly in the horizontal D, 
tending to make a vacuum, and exert- 
ing a pull on the contents of the two 
vertical pipes. The pull is equal on 
both pipes, and were their contents 
the same, the apparatus would fail, but 
in one pipe is steam and in the other 
water, and the steam fills the space 
every time, as fast as the condensing 
steam makes the vacancy. 

The consequence of this is that the 
quick flow of steam up the riser carries 
the condense water with it as a spray 
or scud, and the action seen through a 
section of glass tube (in the riser of a 
practi 9 al loop) gave the appearance of 
an irregular rain of water, which, how- 
ever, rains upwards inst^ of down- 
wards. It simply resolves itself into 
the question as to which of the two 
vertical pipes of the loop can fill the 
horizonUd D first when a vacuum occurs, 
and it is found that steam in the riser, 
although carrying water, is much 
quicker than the solid column of water 
in the drop-leg. Of course, once the 
water is in D it trickles down the 
drop-leg to the boiler. 

It is considered L;iat D should be of 
reasonably limited length, or should it 
be very long a part had best be covered. 
It is only needed to condense just suffi- 
cient steam to give the lifting effect 
required in the riser. It is also con- 
sidered desirable to put the reducing 
fitting of the drop-leg on the horizontal 
side of the elbow so that a certain 
amount of water is trapped along the 
bottom of D ; this is done vflth the 

* The pressure or weight of water in pipes 
Se Ub. per sq. in. ftr everyz ft. 4in. inkeii^ 
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idea of accelerating condensation of the 
arriving steam, but it is not really 
necessary. This is not shown in Fig. 

] :J0, only a reducing elbow Ijeing used 
80 that I) drains quite emf>ty. 

The various valves shown are pro- • 
vided to start the loop working thus. ! 
When starting, open vdve F then turn I 
on steam by valve G and keep F open 
until live steam blows through. Now j 
close F, open H, and blow through in j 
the same manner, then close H. The 
loop is now clear of air and water, and 
contains steam only. By now opening 
J the water will rise up the dn)p-leg 
to its normal height, and the loop 
should work perfectly as long as there 
is steam to work it. (F. Dye.) 




Stereotyping. 

(See also Allots.) 

The process of stereotyping is a modd^ 
rately simple and cheap means by 
which a frame or “forme” of type, 
after it has been set up by the com- 
positor, can be exactly reproduced in 
the form of metal plates. Printing is 
done from these plates, which plates, 
when done with, can be melted down 
for use again. 

This process serves at least two good 
and economic purposes in printing. 
One is that so soon as the plates are 
made the type is released for further 
use, while the plates may be kept as 
long as required for re-printing, for 
instance, successive editions of a book, 
trade-publication, or the like. The 
second purpose is that, as the plates 
do not cost as much as type, an eco- 
nomy is effected when printing large 
editions, as of newspapers, with which 
a set of type might badly worn in 
printing one edition. It may be added 
that most newspaper macUnes now 
carry the type on a cylinder, which 
would be scarcely possible if plates 
were not available. 

There are two methods of producing 
stereotype plates, known respectively 
as the Plaster and the Paper processes. 
Both are here described, but for large 
trade purposes, with a few exceptions, 
the Paper process is almost exclusively 
used. 

Paper Process.— The essential 
principles of the paper-mould method 
are as follows : On a pad of soft, pliable 
paper, built up of several thicknesses 
of soft paper cemented together by 
paste, a hard impression from a page 
of type is taken, which forms a mould 
producing a face almost equal to the 
type, etc., moulded. The soft pad is 
known to the workman as “ flong ” (a 
corruption of a thin farinaceoui 
cake sold in Paris.) It is laid on a 
warm and slightly oiled page of type, 
and the back is beaten with a stiff 
brush until the soft pasteboard 1^ 
Q 2 
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taken a' perfect impression of the face 
of the type. On the back is now laid 
a piece of blanket, the whole is pinched 
in a screw pres^, the press having been 
previously warmed. The drying of 
the mould may, under such circum- 
stances, take from a few minutes to 
half an hour, according to the tem- 
perature and the frequency with which 
the blanket and other packing is 
changed. Being clamped between 
slabs of warm iron, metal is poured 
in, and a cast is obtained, little if at 
all inferior to the or^nal type in 
sharpness. These are the essential 
features of the paper-mould process, 
the most important of all stereotyping 
processes. 

The following details are reprinted 
by permission from the Cantor Lec- 
tures delivered by Thomas Bolas, 
F.C.S., F.I.C,, before the Royal 
Society of Arts. 

Working Details of the 
Paper-Momd Proces8.--The page 
of type, or “forme,” which is to be 
moiUded, instead of being locked up 
in the chase surrounded with the 
ordinary wooden furniture, has a 
type-high border about § in. wide 
around it ; but the face of this type- 
high border does not come quite close 
up to the type, there being a space of 
I in. between them. This type-high 
border is ordinarily obtained by sur- 
rounding the forme with strips of 
type-metal called “clumps,” or 
“ stereo-clumps,” these clump being 
type high, and about } in. wide ; but 
a l^vel on the edge pla^ next to the 
lype reduces the fa^-width to about 
I in., and gives the clear space of 
about I in. or so between the face of 
the clump and the type. The object 
of the clumps is to form a level bed 
for the strips of metal—oommonly 
called “ gauges ’’—which determine ; 
the thickness of the plate. The space . 
between the type and the face of the | 
clump leaves room for the saw-cut if 
the*,plate is to be trimmed close, or 
for t^e bevel if the plate is to be 
trimmed ^r^piounting with catches 
on a metal'blo^. 


I Now the fonhe should be planed 
level, not too tightly locked up, and 
' its face must slightly but com- 
' pletely oiled, this being done by rub- 
I bing it with a flat brush, not too 
! heavily charged with oil, the brush 
' being about as stiff as an ordinary hat 
I brush. The traditions of the trade 
j ordain that the oil should be the 
I fin^t olive oil ; but, as a matter of 
! fact, neither olive oil nor cotton-seed 
• oil, which is now commonly sohl as 
I olive oil, is the most suitable, as these 
' oils — ^and more especially the latter — 

, are saponified very readily by any trace 
of allmli which may remain on the 
forme. A much more suitable oil is 
the very thin minmd lubricating oil 
which is sold retail at about U. 6d. a 
gal. Glenerally speaking, the forme is 
slightly warm when oiled ; if it is 
cold and damp the oiling is almost 
certain to be unsatisfactory, and the 
mould may adhere to the type. 

Materials for Flong.— We now 
come to a very important matter : the 
flong and the materials used in its 
j preparation. 

I Pctate and Olue . — First, let us take 
' the paste used to cement the various 
I layers of paper together, and as to 
tl^ matter one finds in the usual 
instnfctions merely a confusing crowd 
: of recipes without the smallest indi- 
cation as to choice between them, 
and some of these recipes order the 
‘ use of materials, the special service 
! of which it is very difficult to conjec- 
j ture. 

I As an adhesive, ordinary gum (arable 
I or acacia gum) is undesirable ; it pene- 
I trates the substance of the paper, tends 
I to make it unmanageably hard and 
brittle when dry, and, weight for 
I weight, it gives less adhesion between 
sheet and sheet than is the case with 
starch or flour paste. Gum is speois^ 
bad in relation to the fine tissue whm 
forms the face of the floiig, as jn 
penetrating this it not only tends to 
adhesion with the type, but^here the > 
gum has penetrated, the fac^ the oast 
obtained will have a rougher tdxture < 
than elsewhdi^. In addition, gum is 
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expensive, and, what is perhaps worse, 
very variable in quality. 

Starch paste is a very good adHesive, 
as its water principally penetrates the 
sheets, leaving the starch where most 
wanted, and that sponginess, which is 
a characteristic of good and useful 
flong, is retained. 

Good as simple starch paste is, a 
paste made from a moderately glutin- 
ous flour, such as wheat flour, is 
better, as the gluten gives the paste 
greater consistenc^y and adhesiveness 
without other disadvantages. More- 
over, wheat flour paste is easier to 
prepare and to manipulate than starch 
paste, and, if measured by adhesive 
power, is very much cheaf>er. Be- 
sides, it penetrates the pqwr even 
less than starch paste. Altogether, 
the advantage rests with wheat flour 
paste as the main adhesive. 

Glue (the term includes gelatines 
and sizes) by itself is not a very suit- 
able or desirable adhesive to use, as it 
is subject to the same disadvantage as 
gum arabic as regards penetration of 
the paper, yet in a lesser degree ; but, 
when used in conjunction with suffi- 
cient flour |)aste,the penetrating quality 
is eliminated, and owing to the setting 
of the glue the flong acijuires increased 
sponginess, and also the valuable qual- 
ity of being more rapidly compressed 
by the face of the type when the metal 
is warm, as the glue melts and con- 
solidates the compressed parts. In 
addition, by the use of glue along with 
flour p^te the flong Incomes ca|)able 
of holding rather more water without 
becoming flabby, and where the flong 
is not compress^, it dries more spongy 
than would otherwise be the case. 
There is advantage in using glue with 
the paste, whether the type is to be 
guided cold or warm, but very espe- 
cial advantage in the latter case. The 
sort of glue most suitable is the soft 
and degenerate glue sold retail in the 
oilshops at 4d. per lb., higli-priced 
hard gluAi and fine gelatines being very 
much less suitable. Instead of using 
due, it saves time to ^^urchase size, 
out care should be taken to use the 


low-priced size, sold as comdlion size 
(14 lb. for about Is. in London oil- 
shops), and not the hardei and finer 
size known as “ patent size.” . 

We may then dismiss all adhesives 
but flour paste and glue ; the forawl* 
can be used by itself, but glue by itself 
is not very satisfactory. Together 
they give the best results, for reasons 
alr^y stated. 

It is desirable to mix some mineral 
matter with the paste, and for this 
use we find, among other additions, 
the following recommended : Whiting, 
litharge, w'hitc lead, kaolin, other clays, 
Paris white, zinc white, barytes 
white. 

The use of the mineral matter is 
twofold. It makes the compressed 
parts of the mould more liard and 
stony than they would otherwise be, 
and less subject to blister or scale 
during drying or casting, and it makes 
the uncompressed parts of the flong 
more spongy and uniform in texture. 
At the same time it makes the whole 
mould more resistant to heat. 

Of the above, the only very definitely 
objectionable substances are lithai^e 
and white lead, as, owing to the 
moisture and heat the lead poison is 
specially liable to be absorbed into the 
system of the workmen ; and of the 
rest, whiting seems the l^st, its soft- 
ness of texture, fineness, and the ease 
with which it is compressed, enabling 
it well to fulfil the double function 
as stated above. In short, not one 
of the above is superior to whiting, 
which, moreover, is cheap, and easy 
to get. 

We now come to the preparation of 
the paste. Into an iron pan put 6 lb. 
whiting and 20 lb. (2 g.d.) water. If 
the whiting is allow^ remain In the 
water for one to two hours it will be 
found that the lumps have completel|^ 
broken down, and the mixing wiU be 
easy. If, on the other hand, you try 
to mix whiting which has only just 
been put in the water, it works into 
clots and becomes unmanageable. The 
hands form the most convenient tools 
for mixing the whiting and water, as 
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also for working m the next addition, 
lb. wheat flour. 

This being thoroughly incorporated, 
the pan is set for the mixture to boil, it 
' being constantly stirred with a wooden 
^stirrer, having a T -shaped head which 
can be kept in motion close to the 
bottom of the pan, and so eliminate all 
chance of burning. As soon as the 
mixture boils add 14 lb. soft size, or , 
3} lb. common glue, lO^b. (1 gal. and ] 
nearly ^ pint) water. The glue to be 
soaked in the water till quite soft. 

In order to give the paste such quali- 
ties as shall ensure the mass keeping 
good for years, 4 oz. crystallised phe- 
nol (carbolic acid) are now stirred in, 
and all that remains to be done is to 
work themixturethroughasieve having 
about 20 meshes to the linear inch, or 
it may be strained through a piece of 
net. 

Paper . — Three sorts of paper are 
used in making the flong. First, a 
fine hard tissue paper for the face ; 
secondly, blotting paper to form the 
porous b^y ; th^y, stout and tough 
brown paper for the back, to give 
strength and to support the blows of 
the luting-brush. It is of very groat 
importance that the tissue paper which 
forms the face of the flong should be 
strong and fine in fibre, uniform in 
texture, and free from holes, all quali- 
ties wWch add to the expense of a 
paper, and any expenditure which 
secures the above is well bestowed, 
economy on this score being bad policy. 
A tissue which becomes pappy and soft 
when in contact with the paste, or which 
dlows its exudation through holes, may 
cause adhesion between the forme and 
the mould, vnth the attendant delays 
and disadvantages. The tissue papers 
sold for pottery transfers are generally 
veiy suitable for stereotyping, and some 
makdrs supply a special kind. 

* As regard the blotting paper, the 
cho^r sorts answer as well as the 
^ore expensive, and I do not think the 
lowest priced papers contain irregulari- 
ties or lumps BO pronounced as to be 
disadvantag^bm). 

The brpwn paper for the back of the 


I flong should be made of tough, strong 
fibre, free from knots and lumps ; 
moreover, it should be soft, and not 
heavily rolled. Such a paper is expen- 
sive, costing about 4d. per lb. ; but, as 
in the case of tissue, it is poor economy 
I to use a backing paper of unsuitable 
character. 

I To prepare some flong, the materials 
will be : — 

Approximate 
weight, gr. 


Brown paper (1 sq. ft.). . 200 

Blotting paper, 3 thicknesses 

(3 sq. ft.) 355 

Tissue paper (1 sq. ft.) . . 25 


580 

Preparing Plong.—The brown 
: paper is laid &t and pasted uniformly 
I by means of a rather soft, flat brush, 
i the paste being, ly preference, slightly 
warm, on account of the glue it con- 
i tains, although, with the above-men- 
tion^ proportions, it is possiblefthough 
undesirable) to work it cold. A sheet 
I of blotting paper is now laid on, and the 
pasting is repeated over each layer of 
paper, but in the case of the last past- 
ing, which holds down the tissue paper, 
only a small quantity should le ap- 
pli^,^and that as uniformly as prac- 
ticable A convenient way of laying 
down the tissue paper is to roll it on a 
wooden cylinder, and then to roll it 
off this on to the pasted surface ; and 
all through the operation great care 
I should be taken tlwt no paste comes 
^ in contact with the outside face of the 
tissue ; generally speaking, the wooden 
roller requires wiping after each use. 
Close contact of the several constituent 
sheets of the flong is best ensured by 
! Ia 3 dng a clean paper over it after each ' 
addition, and rubbing it down with the 
hand, or with a cloth folded so as to 
form a pad. Hard rolling should Rs 
avoided, as it tends to lessen that 
sponginess which is so desirable a 
quality. 

If the paste has been applied in 
about the right quantity, the sq. ft. of 
flong, the pai^ of which weighed about 
580 gr., will, when wet and fmh. 
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weigh about 1400 gr., about 820 gr. of 
this being paste ; in this state it is too 
wet and too soft for convenient use, 
but if exposed to theair until something 
like 300 gr. of water have evaporated — 
that is to say, until the sq. ft. weighs 
about 1100 gr. — its consistency will 
be right for working. These weights 
are given principally in order that 
persons working from directions may 
be able to prepaie a sample wliich 
shall have a convenient consistency, 
after which the remembrance of 
this sample sliould lie a sufficient 
guide. 

It is desirable to prepare the flong 
in the first instance with excess of 
moisture, and to allow this to evaporate 
siiontaneously, as during this process 
of evaporation the paper swells and 
takes a plasticity and sponginess wliich 
is difficult to obtain in any other way. 
Moreover, the manipulation of making 
the flong is ejisicr and more satisfactory 
when a soft piste, containing a full pro- 
portion of water, is used. If, how- 
ever, one has occasion to prepare a 
piece of flong for immediate use, the 
best way is to employ as little jiaste 
as practicable, (^uitc apart from the 
question of the amount of moisture 
present, it is undesirable to iqake use 
of freshly prepared flong, as it is never 
so homogeneous as that which ha.H been 
kept for some days. It may be stored 
in a varnished tin tray of the right 
size, a stout plate of zinc being laid on 
the top. Generally speaking, it is 
best to lay the sheets of flong face to 
fece, as the backs are likely to liave 
been soiled with the paste, and paste 
should be kept from the face. Flong 
prepared with the above-mentioned 
pMte will keep any length of time 
without decomposition or mildewing, 
but it may become partially or com- 
pletely dry. This may be remedied 
by one or more dippings in water, with 
a full allowance of time for its absorp- 
tion . When flong has completely dried 
it is rather a trouble to get it once 
more into good working condition, the 
best way being to dip i^ in cold water, 
pile it in the storing tray, and keep | 


this latter in a warm place, repeating 
the operations, if necessary. 

I Dry flong is an article ox commerce, 
but it is more trouble to get it into 
good working condition than it is to 
start with the plain sheets of papSr. 
It is often recommended to use two 
tliicknesses of tissue paper on th^ face 
of the flong, and to interpose tissue 
between the sevenil sheets of blotting- 
paper, but these courses are open to 
objection, and have no balancing ad- 
vantage. Two tliicknesses of tissue on 
the face, with paste between, ^ffer no 
greater security against paste reaching 
the type than does one tliickness of 
tissue, and, moreover, for ease and 
rapidity of application, it is desirable 
to make the paste as fluid as practic- 
able, and also to so work as not to in- 
volve the extra care and labour con- 
sumed in applying very thin layers of 
paste, and it is obvious that the larger 
the proportion of thin paper entering 
into the composition of the flong, so 
much thinner must be the layers of 
paste in order to obtain flong containing 
the »ime proportions of paste and 
paper. It tokes much longer to spread 
a verj’^ thin layer than a moderately 
thick layer of paste. 

Preparing the Formes.— Ease 
and quickness in working are generally 
on the side of moulding small formes 
rather than large, so tl»t, when work 
is sent in assemblages of many pages, 
it is often desirable to re-impose, so as 
to bring down the dimensions to demy 
folio, or thereabout ; but wlien large 
pages of close matter, such as news- 
paper pages, are concerned, the stereo- 
typer has no option but to mould the 
! formes as received. When several 
pages are imposed together for mould- 
ing, it is sufficient to allow a pica 
(J in.) between them, unless the ed^ 
are to be bevelled, in which case twi(;e 
as much space will be required to 
allow for the saw cut and two bevels. 
The type-high clumps, as before stated, 
surround the whole. 

Sometimes the stereotyper, will have 
to clean the forme himself, and in this 
case it should be scrubbed over with a 
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solution of the ch^pest quality of 
caustic soda in water (1 part soda to 
about 8 water), well rinsed and dried. 

The forme, clean, dry, oiled and 
w^rm, is laid on a planed slab of iron, 
or “ beating surface,” heated from 
underneath, the heating being by gas 
or steam. The beating surface may be, 
and often is, an extension of the bed 
of the drying press (Fig. 131). The 
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hand is now lightly passed over the 
face to detect any letter which may 
stand high, and the planer ” is 
brought into use if necessary. All is 
now ready for the moulding. Take a 
piece of the flong, dust its surface over , 
with powdered French chalk, taking 
care to wipe off all excess, then lay it 
h(ce downwards on the forme, and 
now comes the operation of beating. 

Beating. — The brush used for 
beating may vary in shape or weight, 
according to the liabit of the workman, 
hilt the bristles must be good and 
. closely pKiked, and the operation of 
beating is so similar to that of driving 
in a that any person who is able 
to strike his nail every time in such 
( a way that it shall sent forward | 
and without anv tendency sideways, 

• ^ isrill probably make a satisfactory mould 
it)ie irst time ; while one in whose 
hand tfa^ hanuner sways round uncer- 
tainly a^ uncpatroUe^y, hitting the 
nail at aU iKxrts of angles, and perhaps 


even bending it, will not be very suc- 
cessful in making a paper mould from 
the type. In such a case it is perhaps 
better to educate the mind to the con- 
ditions necessary for successful ham- 
mering, by watching and painstakingly 
learning to drive drapers’ pins up to 
the head in deal, than to waste nong 
and spoil type. 

The face of the brush must fall flat 
on the back of the flong, very little 
side-driving being sufficient to shift the 
flong, and spoil the sharpness of the 
mould ; and a good plan is to first beat 
a line right across the page, and then 
to extend this first towards one end of 
of the page and then toward the other. 
A damp cloth is sometimes laid over 
the flong in beating, but if the brown 
paper is tough and nervy the cloth is 
not needed, and muclktime is saved by 
not using it— far more than is equiva- 
lent to the difference in price between 
good and bed paper. Moreover, when 
the cloth is used, it becomes difficult 
to give such local treatment as is 
necessary on parts where words or 
rules stand almost by themselves, or 
where there may be a mass of small 
type closely set, to say nothing of the 
special treatment required where en- 
gravings are included in the forme. 
As a rough guide to the extent to 
which the beating is to be continued, 
it may be stated tliat with flong of the 
I right degree of softness, the (^visions 
I between the words set in long primes 
or brevier should show distinctly on 
the back of the flong. If the flong is 
very soft, the beating must not be 
continued until these divisions are so 
distinct as with normal flong, and if 
the flong is very hard one will only ob- 
tain sufficient relief by making the 
divisions show very clearly. 

The progress of the cieating may 
al ways be seen by steadying the moul4 
with one hand and turning back one 
corner, and the flong should always bo 
so soft that tills can be done without 
strwning or stretching the part turned^, 
over. Where there are extensive 
whites in the forme, the mould will be 
arched downwards uid some support. 
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is needed in such places, or the arched 
parts would crush down by the weight 
of metal in the casting-box, and much 
metal would have to ^ cut away from 
the plate. The usual way is to paste 
the back of the flong, and to lay in the 
deep parts a few pieces of paste-board 
or of old mould, after which a second 
sheet of brown paper is pasted and laid 
over all. A very gentle beating is now , 
given to the mould, care being taken j 
not to beat tliis last paper down into | 
the hollows, as the main use of this 
sheet is to string or tie tlie domes and 
hollows formed in the main part of the 
liong. 

Another way — more employed in 
newspaper offices — is to fill in the 
hollows with whiting, or dry plaster 
of Paris ; the pasted sheet of brown 
paper l^eing laid over as before. 

The impression is now sliar|)ened up 
by planing. The printer’s planer — 
which is a slab of ha^ w(kk 1 — is phvced 
on the mould and struck several times 
with a mallet. This should be repeated 
several times, moving the planer be- 
tween-times, and care must be taken 
not to sliift or strain the mould side- 
ways. Two or throe thicknesses of 
blanket, or still better enough blotting 
per to make up about ^ in. tliick, 
ing placed over the mould, the forme 
and mould are pinched up in the dry- 
ing press. 

A few words more about the beating 
brush. If the face is not level, or 
should become uulevel by use, it may 
be burned flat by contact with a plate 
of iron heated to a dull redness, and by 
the same means the edge and corners 
farthest from the handle mav l)e very 
slightly sloped off, thus making it more 
easy to give local treatment to any 
special part of the mould. Workmen 
who have skill and confidence in the 
use of the brush may strike tolerably 
hard, and they often find it a conveni- 
ence to load the brush by fastening a 
plate of lead to the back. A rolling 
machine, or a vertical press, is occa- 
sionally used ip making the mould, 
but the press and rolling machine are 
of Ifttle use except in the case of toler- 


ably solid and uniform formes, such as 
the pages of a newspaper. The rolling 
machine for moulding consists merely 
of a moving bed with an adjustable 
cylinder over it, bed and cylinder being 
geared together. The machine, h«v- 
ever, is seldom used without the brush 
being used as an adjunct. Sometimes 
the press or machine is used to set the 
flong firmly in position on the type, 
the brush being used for finislung} 
and sometimes the brush is used first, 
and the machine is employed tosharpen 
up the impression, to do what the 
; planer does in the process of making a 
' mould by hand. 

1 Drying the Mould.—A sufficient 
drying of the mould may be effected in 
as short a time as three to four minutes, 
in which case the heat is urged sdmost 
I to the softening point of the type, or 
the heat may be more moderate, so that 
the drying takes as much as | hour. 
It may, however, be taken that in the 
case of ordinary commercial stereotyp- 
ing some water is invariably left in the 
' mould ; many hours’ baking at a tem- 
1 perature of 200° C. being necessaiy for 
the removal of the last traces of mois- 
ture. So that, when the best possible 
results are required, it is desirable to 
considerably extend the time allowed 
I for drying. 

1 In ordinary cases— the work not 
I being subject to the extreme need of 
' haste which exist in the case of news- 
' paper stereotyping— the forme will re- 
’ main in the drying press for ten to fif- 
' teen minutes, during which time the 
blanket (or covering of blotting paper, 
as the case may te) may have hoeaa. 
changed two or three times ; mr if ihis 
is not done, the press should undone, 

I and the covering turned over to allow 
the more ready escape of moisture. All 
; this time the bed of the press may be 
, conveniently heated to a temperature 
I of 100°-130° C., the former being about 
the degree of heat obtained if we bed 
forms the top of the steam-chest fed 
with waste or exhaust ” steam ; but 
if ‘‘live " steam of about 30 lb. pres- 
sure is used, the temperathre will be 
something like 130° C. 
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To return to the forme and'mould. 
The mould leaves the forme at once, 
When any adhesion occurs, something 
is wrong with the work, e.g., tissue 
paper not impervious ; excess of paste 
under tissue paper, thus breaking up 
tiSbue ; tissue broken in beating, from 
too hard blows or extreme softiiess of 
flong ; mould too deep, so as to fit 
over the shanks of the types, or even 
penetrating l)etween them ; paste on 
face of the ilong, from careless making 
or piling ; im|xjrfect oiling of forme, 
or unsuitable oil ; alkali or other 
foreign matter on type. 

But a sliglit tendency to adhere can 
generally be coml)ated by repeatedly 
lifting the edges of the mould, as far 
as is possible without bending or strain- 
ing the mouM, and then letting it 
spring back ; at the same time slightly 
loosening the quoins and beating the 
back of the mould with the brush. 
(Fig. 132). In the case of persistent 



Fio. 132. 


sticking, the only alternative is to heat 
the forme once more and repeatedly 
moisten the back of the mould with 
water. In this case the mould will be 
spoiled. 

The mould, as it comes off the forme, 
is dry to the touch, but ordinarily not 
di 7 enough to give a good cast, and, 
before diying it further, it is conveni- 
ent to trim the edges to the outsides 
of the gutters left by the clumps ; and 
to paste on to one end a flap of brown 
paper long enough to project 2 in. or 
so out of the casting-lwx, and, at the 
same time, to allow a head of metal of 
not less than 6 in. For this puiposo, 
a more adhesive paste is required than 
that used for making the flong. Stiff 
lye flour paste is best. 

The mould may now be laid on a hot 
surface' to further dry, or, better still, 
it may be baked in a steam or gas oven, 
heat^ to aboui the same temperature 


as the moulding press ; but in any case 
it should be kept flat by placing over 
it a piece of heavy but small-meshed 
wire net, and if necessary a weight is 
put upon this. A suitable wire net is 
made with iron wire of No. 16 I.W.G, 
(O' 064 in. diameter), and six meshes to 
the linear inch, and can bo had from 
■ firms that furnish millers’ plant. The 
I ordinary wire gauze or net sold at the 
hardware shops, having six meshes to 
the inch, is made of much thinner 
wire, ami is not much used for the 
present purpose, as it has not sufficient 
rigidity to keep its shape as a slab or 
plate. The wire net should l)e in con- 
tact with the tissue paper aide or face 
of the mould, as slight indenUtion on 
this side will do no harm, wherejis any 
indentation on the Ixuik of the mould 
will 8h<iw on the fiu'-e of the cast ; and 
when several moulds are piled in the 
oven for baking, they should be laid 
back to back and face to face, with a 
piece of sheet metal (say stout tinplate) 
l)etween the backs, and one of the 
wire-net sheets between the faces. 

Casting. — The baking, or second 
drying, being at an end, we conie to 
the casting, and before this is done it 
is a very common practice to brush 
some finely powdered French chalk 
into the mould, and then to dust out 
the excess by turning the mould &ce 
downwards, and gently beating the 
back with a flat slice of cane. This is 
quite unnecessary if the mould is very 
dry ; but by the use of French chalk 
the effect of any trace of moisture re- 
maining in the mould is minimised, 
and, moreover, the cast separates from 
the mould more easily — a matter of 
some importance when it is wished to 
make several casts in the same mould. 

All is now ready for laying the mould 
in the casting-box, the casting-box 
having Ixjen warmed by a gas jet under- 
neath, or by casting a few blanks in it. 
Tlie mould is laid face upwards, on the 
horizonUd slab of the casting-box (Kg. 
133), the brown [laper flap hangup a 
little over the lip of the box. 
pica-high gauges are laid along the 
gutters formed 4)y the clumps, the top 
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loaf of the box is closed down and 
clamped by the screw, and the casting* 
box is swung on its axis, so as to bring 
the lips to the top. 
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When stock sizes have to* be stereo- 
typed, it is convenient to use set 
gauges, like Figs. 135 or 136, but in 
other cases it is usual to employ ad- 
justable gauges, such as Fig. 134. 
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When the mould is charged with 
type-metal, it is necessary, in order to 
obtain a good cast, that the whole of 
the metal inside should remain fluid 
until the mould is completely filled 
with metal, as if &ny part solidifies 


I before the mould is full, the oast is 
sure to show curved streaks where the 
cast has solidified, and the fresh metal 
has not run up so closely as to make a 
sound cast. This is most noticeable at 
the back of the cast, where the casting- 
box exercises the most sudden cdoling 
action on the metal, and the object of 
heating the casting-box is to diminish 
the tendency to this sort of thing. 
Heating the casting-box is generally 
insufficient in itself, when the cast is 
large, unless the heat is raised to 
nearly the melting point of the metal 
— an obviously inconvenient course. 
It is very much more convenient and 
satisfactory to warm the box only 
slightly (say to about 100® C.), and to 
cover the face with a non-conducting 
coating, which may be extremely thin ; 
in fact, it is sufficient to sponge the 
iron plate over with a very thin wash 
of jewellers’ rouge (finely divided ferric 
oxide, or, practically, much the same 
thing as finely divided iron rust) and 
water, a film of the oxide so thin as to 
be scarcely noticeable serving to re- 
tard the solidification of the metal 
during the short time required to fill 
the mould. Although a thin wash of 
jewellers’ rouge is the best coating 
material to employ when very delicate 
castings of type metal are to be made 
in metal moulds (as for example, in 
casting the thinnest “ leads ”), a 
tlucker and coarser mixture, made by 
stirring J lb. red ochre into ^ jnnt 
water, is often used, this being aj:q>lied 
with a brush. London steiwtypers, 
however, more usually lay a shetet of 
thin cardboard over the back plate, or a 
sheet of thin paper will be quite as 
effectual in preventing the dulling of 
the metal ; but stereotypers genei^y 
prefer the card, as lasting longer and 
being easier to handle. The cairi, how- 
ever, is liable to blister, and so cause 
inequalities in the thickness of the 
platos. In the absence of a metal cast- 
ing-box, excellent work may be done by 
using two slabs of dry wood, held 
together by screw clamps.. 

All is now ready for the «mting of 
the stereotype plate, To asoertian 
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whether the temperature of the metal 
is about right, a strip of card or of old 
mould is immersed in it for a few 
seconds. If the card becomes of a 
medium brown, the heat is right 
(about 320°-330° C.), if it chars and 
blackens, the temperature is too high ; 
should it merely become yellowish or 
light brown, more heat must be ap- 
plied. When the metal is too hot, it 
can be rapidly brought down by stir- 
ring in some cold metal. It is impor- 
tant that, when poured, the surface of 
the metal should be clean and free 
from scum or oxide, as this might 
lodge in the cavities of the mould and 
render the cast unsound ; and the most 
convenient way of cleaning the surface 
is to throw into the pot some powdered 
resin, which melts and so far agglome- 
rates the oxide that it can readily be 
removed by skimming with a perforated 
iron spoon. Sufficient metal is now 
taken out of the pot by an iron ladle 
—one vdth a flat pouring-side (Fig. 1 37) 
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is often used— and the metal is poured 
steadily, but not so quickly as to cause 
splashing, into the mould. Under 
ordinary circumstances, it makes but 
little difference whether the stream is 
poured against the back plate of the 
CASting-box or against the face of the 
mould, although the former is the most 
usual course, and some persons make a 
point of drawing the ladle along the 
lips ^ the mould during the operation 
of casting. 

The metal used for stereotyping is 
much the same as ordinary ty[)e metal, 
on^y, as a rule, the stereotyper is con- 
tent with en eUoy tending too much 
towards iM^tness, while of late years 
ty]^ founders have been moving in the 
dilution of harder and harder metal. 
iLnltlloy well' suited for ordinary work 
contains ^ per cent, of antimony, the 
remainder bdng Ji^ ; or lead 4 parts, 
antimony 1 part. iFor preparing this 


alloy a very safe lead to use is the soft 
lead which has formed the linings of 
tea-chests, or if commercial pig le^ is 
used, a soh sample should be selected, 
and this may be sufficiently judged of 
by scratching the surface with the 
finger nail. Hard pigs often contain 
traces of zinc ; this metal, which is 
especially bad in stereotyping alloys, ^ 
being used in some of the desilverising 
processes, and the last traces are not 
always removed. When, however, the 
liardness of the pig-lead is known to be 
due to antimony, coj)j)er, or tin, it may 
be used quite safely ; in fact, hard lead 
then becomes more desirable than soft 
lead. The lead and antimony being put 
together into the iron melting pot, 
sufficient heat is applied to melt the 
former, when the antimony gradually 
dissolves in the melted lead, forming ah 
alloy which fuses at about 300° C. 
Lead melts at something like 330° C., 
while antimony fuses at 450°C., or e 
low red heat ; the stereotype metal 
following the general rule that alloyb 
melt at considerably lower tempera- 
tures than the mean melting-points ot 
their constituents. Sometimes stereo- 
typers reduce the proportion of anti- 
mony so that the alloy only contains 
10 per cent, of the metal, but in this 
case the alloy is noticeably soft, and 
wears badly in printing. A very supe- 
rior stereotype metal, which is not only 
harder but more fusible than the above 
mentioned, can be made by melting 
U^ther 3 parts lead, 1 of antimony, 
and 1 of tin. Old mixed type generally 
makes an excellent stereotype metal, 
and will often bear the addition of 
nearly half its weight of lead, l^pe 
metals, like so many alloys, are hairier 
when the cooling hiss b^n very rapid 
than when it hM been comparatively 
alow. 

The most positively objectionable 
impurity likely to find its way into the 
stereotyping metal is zinc, this metal 
making the alloy flow badly, and the ^ 
face of the cast rough and patchy 
doubtless by its tendency to sepamte^ 
from the other metals. It is, there-" 
fore, important keep watoh agamst^ 
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its introduction into the stereotype 
foundry, and in melting up old type 
or scraps, any portions which remain 
unmelt^ and ^oat on the surface after 
the bulk is fus^ should be skimmed 
off, as these are likely to contain the 
lighter and less fusible zinc. The 
larger the proportion of lead in the 
stereotype metal, so much greater is 
’ the evil effect of the zinc. Zinc in lead 
or in type metal may Ije removed by 
calcining at a low red heat, the ranc 
oxidising with the first portions of the 
lead ; but the same treatment also 
removes the antimony, or at any rate 
a considerable proportion of it. The 
tendency of antimony to oxidise is so 
much greater than that of the lead, 
that stereotype metal used many times 
becomes softer from the loss of anti* 
'mony. A little arsenic — say 1-2 per 
cent. — increases the fluidity and liard- 
ness of a stereotyping metal. 

Trimming the Plate.— Noyv 
take the stereotyped plate out of the 
box and the usual thing is to trim it, 

■ or cut it up into pages with a circular 
saw, and as the cuttings are carried 
round by the saw, and thrown upwards 
and forwards by the ascending side, it 
is usual to fix a screen (as shown in 
Fig. 138), to prevent them going into 
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the eyes of the operator. The screen 
is ordinarily made of sheet metal, but 
BometimeB a neatly fitted and curved 
glass plate is used. Generally speaking, 
however, I have preferred to use a 1^ 
of the transparent flexible celluloid, 
which can now be readily obtained as 
^lin as a card, and as transparent as 
glass. 

Instead of a oirodlar saw, the tool 


known as a zinc hook (Fig. 189) may 
be used for dividing the plate. A 
metal straight-edge is used as a guide, 
and the cutting ^ge of the zinc hook 



Fig. 139 


is drawn along it a sufficient number * 
of times to plough a groove half 
tlirough the plate, when it becomes 
easy to break it. 

For trimming the edges, a hand 
plane is ordinarily used in conjunction 
with a shooting board, the ordinary 
wooden shooting board and jack-plane 
of the joiner answering the purpose 
very well. Fig. 140 reiiresents an iron 
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shooting board and iron plane specially 
made for stereotypers’ use, a second 
plane being provided for bevelling. 
When the trimming planes are driven 
by power, the arrangement is generally 
Bubstant^ly similar, the plane moving 
to and fro on a guide, w!^e the plate 
to be trimmed is fed up against it, 
^though sometimes a revolving cut* 
ter is used instead of a plane. 

Thin stereotypes, cast pica-high for 
mounting on blc^s, ought not to re- 
quire planing at the Wik jnxivided 
that reasonable attention is devoted to 
matters which influence their thick- 
ness and truth, such as the flatness of 
the slabs of the casti^-box, the 
accuracy and right pladng of the 
gauges, the keeping oi the mould flat 
while drying, and the proper condition 
of the cardboard covering the haidc 
slab of tiie casting-box. It is easy to 
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cast plates so true as to require no 
planing, indeed, so true that the ar- 
rangement ordinarily used for planing, 
or rather scraping, the backs of thin 
stereotypes would make them worse, 
not^tter. This arrangement is a 
kind of drawbench in which the plate 
is slowly forced under a stout knife 
placed almost vertically, and one form 
of it is represented by 141. 


tool for cutting stereotype metal will 
not work efficiently at a much less 
i speed than 12 ft. per second between 
it and the metal. In qrdinary cases, 
the cut is clean and easy with such a 
speed, and an angle of 60*^ on the 
approaching side, and 15° is a good 
angle for cutting edge, leaving an 
angle of relief of 15°. When a cutting 
tool rapidly removes small shavings of 
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The travelling part is one with the 
two racks, while the double gearing 
and the arrangement for reversing by 
the strap from the middle 
pnlleiy— which is idle— to the right or 
left, according as one wants backward 
or forwiad motion, will be obvious to 
anycme who has given attention to 
nuK^ety. The slow heavy cut, with 
a ott^ at right angles to the plate, 
is essentii^ wrong, and tends to drag 
the piitte odt of shape, and, unless care 
is t&en, will som^mes lift it from 
the bed of the machi^. A machine 


stereotype metal — as in the case of a 
circular saw or rotary cutter — there is 
a tendency for the clean particles of 
metal to weld together, and also for 
some of them to weld upon the dean 
surface of the work, thus making it 
rough, but a minute film of thk 
mineral lubricating oil prevents the 
tendency to weldi^, and it is gene- 
rally sufficient to allow a brush chaiged 
with the oil to very lightly play 
against the cutter or the work, aooord*< 
ing to circumstances. The free use 
of oil on stereotypes is objectionable 
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for obvious reasons. For heavy work, , ness with difference in the degree of 
water containing a little soap is more 
efficient, but it must l)e used freely. 

The above remarks as to the relation 
of stereotype metal to cutting tools 
apply more especially to the ordinary 
and rather soft alloys. But a planing 
machine with a revolving cutter like 
that used for tliicknessing floor boards ! as in that case the plates can l:)e melted 
might always be used for the backs of as soon as done with ; but it is the 
stereotypes when planing is required, usual practice not to cast the plate 
Mountiug*. — In most cases — at quite solid, a number of hollow spaces 
any rate for jobbing work — the stereo- at the bottom, generally arch^ or 
tyjie plates are brought up to type domed, serving to lighten the plate, 
height by being nailed or screwed Any person with elementary notions 
down on mahogany Imrds, these of h^dicraft can devise for himself 
being, roughly sfMjaking, f in. high ; ready means of making cores for plac- 
and, from the printer’s point of view, ing in the casting-box so as to produce 
it is very desirable that the thickness the required cavities, and several 
of the whole should exactly equal the ingenious forms of adjustable core are 
height of the type, a matter which now made, among which may be 
may very well be gauged by a sort of specially mentioned that in which a 
bridge (Fig. 142), under which the ■ set of core-ljars of graduated sizes 

enables one to readily cast type- 
high blocks to any required 
width. For very small blocks 
it is more convenient to cast 
solid, and if reasonable care is 
taken the blocks may be cast 
so accurately to type-height that 
planing at the back becomes 
Fig. 142. quite unnecessary, and the sides 

may readily be squared up with 
mounted stereotype can be just passed the hand plane, or sometimes it is 
if it is the right height. Wood blocks more convenient to cast small metal 
expand when exposed to damp, and mounting-blocks, and to solder the 
contract when they diy, and conse- thin stereotypes upon these, 
quently they vary from time to time ; Metal mounting-blocks, upon which 
so printers, when using wood-mounted bevel-edged stereotype plates are held 
stereotypes, would save time by pass- by catches placed round the edges, are 
ing them one at a time, and face down- on the market in various forms, much 
wards, under such a bridge set to type cleverness being sometimes noticeable 
height. The low places can then be in the devices for enabling the printer 
ro^y brought up with paper patches to build up any required size of 
in far less time than when ni^e up mounting-block out of stock sizes. 

.in the chase. As a matter of fact. Finishing. — It very often happens 

stereotypers very seldom send out the that the stereotype requires some work 
blocks too high, as the printer finds it done upon its face, such as cutting 
much easier to pai^ up than to plane away the parts corresponding to large 
' off, ' white surfaces, raising low parts or 

printing from stereotype plates be- “ sinks," or soldering in letters or elec- 
comes much more easy and certain if, trotypes. For chipping away extended 
of bAing mounted upon mate- whit^ a very convenient trol is the 
rial which, like wood, varies in thick- carpenters* gouge, driven by a rather 



dryness, trie plates are eitner cast 
type-high in the first instance, or are 
mounted upon some firm foundation 
not subject to considerable variations 
of thickness, •* 

Casting the plates type-high is a 
common practice for ephemeral work. 
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light mallet, an assortment of four or may be brought up by laying the plate 
five gouges, the narrowest about f^*in. face down on a planed iron surface (a 
across, being ample. When chipping sheet of paper being interposed if this 
away the metal with gouge and mallet, is thought necessary), and hammering 
it is desirable to place the stereotj^ I on the liackwitha broad and round-faced 
oi^a planed iron surface, provided with hammer, such as that used by shoe- 
a transverse bar against which it can msikers for l)eating out leather ; a little 
rest, the iron shooting board (Fig. paper packing being then pasted on 
140) being convenient for this purpose, the back to 8upi)ort the hollow. In 
For working in narrow pla(^, and beating down the “ sink,” care must 
close up to the type face, a “ fimer ” be taken to strike in the middle of the 
chisel of suitable width may be used, place rather tlian at the eilges, and to 
or a scraper shaped like Fig. 143, and , strike the fewest blows tlnitwill do the 
one angle of the scraper may advanta- , work, otherwise the plate may be dis- 
geously be ground on the edge of the torted so much as to render it useless, 
grindstone, so as to shape it into a In the case of the thick curved stereo- 
chiseMike tongue about ^*in. wide, or , types used for newspaper work on 
a special tool, like Fig. 144 may be j rotary machine, the machine-minder 
used for scraping between the Imes. I will often br^ up a low line * by 
Sometimes a routing-out machine is ' driving a chisel obliquely into the 
used, in which a conical dome-shaped metal above it and below it. 
revolving cutter, provided with uni- Repairing Plates.-— Cutting out 

versal movements, is brought down on a false letter and soldering in a type 
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the plate ; but, in ordinary cases, j requires some care and watchfulness, 
there is little or no saving of time by but it is very easily done. The stereo- 
the use of such a maeWne. When type is clamped face upwards on the 
ibere is a “sink ” on the face of the punching-out slab (Fig. 146),aind wth 
stsieotype— this being generally a re- ' the line containing the &lse letter im- 
salt W mohing of the mould ♦-it | ^ p.pw ftom dMortlon of Iht 

' ' mould daring diylng, or by carelsM datD|llng 

* Msy kriie finoca ri^p of metd or other up In ^ cMtIng-box. . 

Ihretea body ander- Mie fimig, peoetritlon of • The standing lines In newqispsis^ 
Uquld tbnniid> 4 bole In ute flong, wtbe I periodicals are often low to *>ai>sr. v , 
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mediately in front of the bridge. The 
adjustable part of the bed, shown at 
the left of the diagram, being now set 
so as to leave a gap exactly under the 
line, the cliisel (^g. 146) is used to 
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make an indentation round the letter, 
at any rate on those sides where access 
can be had, the chisel being placed with 
the unbevelled side next the letter to 
be removed, and l)eing held vertically. 
A punch like one of those shown in 
Pig. 147, and of the right size for the 
letter to be removed, is now held 
firmly atop of the letter, and is driven 
through the plate by a hammer. Any ' 
metal driven beyond the plane of the 
back may now cut off with a sharp 
chisel ; and if any indentation of the 
lace round about the hole is visible, it 
can be dealt with as recommended in 
the case of a * ‘ sink. ’’ The hole is now 
trimmed by means of a rectangular file, * 

* Files of rectangular septlon down to a 
•quaru file about fV •oi'otx) can l>c obtained 
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to the bare size of the type to be 
inserted, and the type, after having 
been scraped clean on the sides, is in- 
serted from the back. The face of the 
letter having been adjusted to its exact 
position and level, the stercotypeais 
laid face downward on the puncMng- 
out slab, no paper being interposed 
between them. A little powdered 
resin is dusted on, and, with a rather 
finc-pomte<l soldering bit, a trace of 
solder is applied at two opposite points 
of the join. The shank of the type is 
then nippefl or broken off, and the 
place is filed or scraped level. Some- 
times a skilletl workman will put a 
patch of solder over a false letter, and 
out of this engrave the required charac- 
ter, but such a method of working is 
more usually adopted when a dot or 
the tail of a letter is broken off and 
must be replaced. 

The soldering is very easy if a few 
points are attended to. The copper 
bit being heated to a heat a little 
under redness, is rapidly cleaned ateut 
the point with a file and quickly clipped 
into an acid solution of chloride of 
zinc,* and then rubbed on a stick of 
soft solder which itself has been 
moistened with the same solution ; it 
thus becomes well amalgamated with 
the solder, or is “ tinned,’* to use the 
expression of the workshop. To keep 
the soldering bit in a good condition 
its tip may be rapidly dipped in the 
acid chloride of zinc solution after each 
heating, and being then charged with 
solder it is ready for use on the stereo- 
type plate, and if the part to be sol- 
dered is sprinkled over with powdered 
resin tliis will be sufficient protection, 
and the small drop of solder carried up 
on the tip of the bit will unite and 
flow readily. The acid chloride of 
zinc solution should not be applied to 
the type metal, as it rather corrodes it 
than protects it. 

When much soldering has to be 

at watcbmakern' material shops of Clerkenwell 
or Hobo. ' 

* Commercial bydro^onc acid saturated 
with zinc, and when poured ofFfrom the excess 
of metal, Is mixed mth one quarter its bulk 
of bydrodilorlc acid. 


B 
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done, as, for example, if electrotypes of solder, works nearly as easily, and is 
wood-cuts are to be soldered into stereo- quite as strong. It is prepared by 
type plates, a soldering bit, heated by melting together cadmium 2 parts, tin 
a small gas blowpipe, is a great conve- 4 parts, le^ 2 parts, 
nience and saving of time, and the de- An alloy of bismuth 2 parts, tin 1 
viberepresented in Fig. 148 isa specially part, and lead 1 part, forms a solder 
convenient one for the stereotyper, easy to use, moderately strong, and 

melting below the boiKng-point of 
water. When figures have to be altered 
several times this solder is convenient 
to use, as those first soldered in can be 
readily removed by immersing the 
plate in boiling water, or heating it till, 
when touched with a wet finger, one 
can just feel steam formed, then pving 
the figure a slight tap to drive it out. 

Casting Curved Plates.— In 
stereotyping for newspaper work, 
everything is carefully studied to attain 
spe^, especially in the case of the 
evening papers, and it becomes possible 
to mould a page and cast a plate in 
about ten minutes. In such cases, the 
plates are cast cur\’ed, so as to fit the 
cylinder of the machine used. 

Two workmen beat the flong to maka 
and the instrument itself can easily be the mould ; a rolling press being often 
constructed byany all-round mechanic, used to finish the moulding. There 
The tubes l^ing gas and air respec- is generally very little packing of the 
tively (the air being conveniently sup- whites to be done, so it suffices to 
plied ^ foot bellows) are shown first sprinkle a little whiting upon the back 
passing through a wooden handle and of the mould, and scrape it into the 
thence into the cylindrical head of the hollows with a straight-edge, after 
apparatus, where is fitted a small which the final thickness of brown 
Herapath’s blowpipe, the flame of paper is pasted on, and the forme is 
which plays upon the small copper bit run under a hot press to dry, the heat 
held, as shown, by two lugs extending being as great as can be ventured upon 
from the cylindrical head. A cock is without ^mage to the type. In two 
placed on the gas-pipe just over the to three minutes the mould is removed, 
handle, and where it can be operated finally dried on a hot surface for another 
by the thumb of the right hand, while similar period, is dusted with French 
the crutch shown on the figure forms a chalk, and is then placed in a curved 
convenient support for the blowpipe casting-box (Fig. 149), the metal being 
when not in use. poured in at the side of the page, while 

Although very little care and atten- m the older pattern of curved casting- 
tionon the partof the workman will en- box it was poured in at the top. The 
able him to use the ordinazy soft solder metal is poured from a laive three 
of the tinman without fear of melting handled l^e, like that used in iron 
the adjacent pai^ of thb plate, there foundries. The trimming of the cast 
ait oasepi if^here it mav be desirable to is generally done while it u warm, and 
hae'aihore fusible solder, in which case by slow-moving tools, as chips raptdfy 
Wood’s cadmium ffblder may be em- removed from the hot metal are more 
pbjred. It melto" at a temperature likdy to weld on the fresldy-cut sur- 
conside^bly under that of ordinary face than is the case with cold metil. 





a revolving cutter were used, and were j 
fed with slightly soapy water by a i 
series of conduits in the cutter-liar, it 
is quite likely some economy of time 
woi^d be effected. Soap, like oil, soils 
the surface of the type metal suffi- 
dently to prevent welding. 

A common form of apparatus for 
. trimming and bevelling the edges of 
curved stereotypes is that shown in 
Fig. 151, the plate being clamped down 
on a suiteble saddle, and trimmed by 
adjustable knives, the holders of which 
are moved backwards and forwards by 
hand. Another trimming machine is 
represented by Fig. 152.. In this case 
m have a revolving cutter, mid the 


Bending Plates. Occasionally 
plates intended for printihg on rotary 
machines are cast flat and afterwards 
bent to the required curve, and there 
are two methoos of doing this. In one 
case the plate, previously warmed, is 
forced down into a curved die by a sort 
of platen formed of stiff leaves of 
spring steel, but when the sasne 
machine is intended to bend to any 
B 2 
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curve, a bed piece, similarly formed of 
plates of spring steel, must be laid over 
the die. In the other case the stereo- 
type is laid between steel plates thin 
enough to spring, and is rolled several 
tihies through a set of three rollers, 
one of which is adjustable so as to give 
the required set. 

In either case it is necessary to place 
paper or a blanket between the face of 
the stereotype and the steel plate, and 
the results of the bending are seldom 
quite satisfactory, unless the plate to 
be bent is fairly solid, as in the case of 
an ordinary newspaper page, any ex- 
tended whites interfering with the 
regularity of the bending. In the case 
of electrotypes, which are ordinarily 
backed up with a softer metal, the 
bending is easier, and electrotypes are 
often bent that they may be soldered 
into curved plates for Ulustrated nows- 
paper work. 

wood Mounts and Heat.— 

The work of the newspaper stereo- 
typer is very seriously interfered with 
if any wood-mounted blocksare inserted 
in the forme he has to mould, the heat 
passing so much more slowly through 
wood than through metal as to make it 
almost a matter of certainty that the 
mould will be less dry when over such 
blocks ; this being not only calculated 
to give a rough face to the lines, but 
also to lead to a distortion of the face 
of the mould in the second drying. 
This evil is especially apparent in the 
case of the zinc process blocks, which 
are made very thin, and are conse- 
quently mounted on an extra thick 
block of wood. The sejwrate moulding 
of the blocks and casting type high, or 
the mounting of them upon solid metal 
bases, is so easy that there is scarcely 
an excuse for being so unfair to the 
workman as to send pages containing 
wood-mounted blocks when a stereo- 
type is required in a minimum of 
time. * 

Probably the interfering influence of 
the v?oQd mount is largely responsible 
forthe tradition that the paper process 
is unsuited for the reproduction of the 
finest engraved work, but if all or most 


reasonable precautions * are taken to 
ensure the very best results, stereotypes 
can be made by the paper process 
wliich are equal in fineness of surface 
and definition to the best electrotypes, 
and are su|)erior in durability to many 
of the very thin shells of copper on a 
base of very soft metal, which pass 
nowadays. The paper process is, 
however, very ill adapted for moulding 
direct from wood cuts, owing to the 
action of the heat and moisture on the 
wood ; and it is seldom employed for 
this purpose unless in the case of very 
small blocks, or when time necessitates 
it. The stereotype by the paper pro- 
cess is, when at its best, smooth, 
brilliant, and lustrous on the :^e, 
where the metal takes the impress of 
the compressed and hardened matrix ; 
while the low parts, which are cast in 
contact with the spongy part of the 
mould, are always rough and often un- 
sound in the sense of being permeated 
by holes and faults. The depths are 
nicely rounded and the square shoulders 
of the type-shanks show not at all, or 
only faintly. 

Moisture in the Mould.— In 

all ordinary stereotyping work some 
moisture remains in the mould. It is 
possible to make a fairly sharp cast 
in a mould which is quite wet. By 
using a fusible metal (1 part cadmium,# 
2 tin, 4 lead, and 7 bismuth), which 
melts considerably under the boiling 
point of water— say between 60° and 
70° C. — a very fairly good cast is ob- 
tained, the heat not being sufficient to 
convert the water into steam. This 
experiment is interesting, not only as 
showing a possible means of making a 
stereotype in a shorter period than the 
usual time— although the high price 
of bismuth tends to put it outside 

* Such 88 clean and evenly but slightly 
oiled original ; well united, thorougbly seasoned, 
and rather dry flong; drying thoroughly In 
press with occasional tightening up; long 
baking of the mould ; non-use of Frenwchidk ; 
a suitable hard metal— say the tin alloy men- 
tioned— and this at as high a temperatnre as 
the mould will bear; and a cunsldemUe' 
« bead " and margin of metal in casting, the 
margin being of the fhll thickness of tbs 
gauges. 
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practical work — but also as illustrati^ 
a point of some importance, that, in 
the case of a mould not very thoroughly 
dried, the best result is obtained with 
the metal at as low a temperature as 
practicable, whereas in the case of a 
mould for a long time, the hotter 

the metal is, the better the result, 
provided it just stops short of burning 
the piper ; so it is possible to have 
failures either from the metal being 
too hot or too cold. The use of French 
chalk on the face of the mould tends 
to minimise the mischief resulting from 
traces of moisture in the mould, but 
as it invariably makes the face of the 
cast a little rough, it should only be 
used when needed. Another use of 
French chalk is when numerous casts 
are required from the same mould, as 
it tends to prevent adhesion between 
the cast and the mould. When a 
large numlier of casts are required from 
one mould, other precautions to be 
observed are to use a well-cemented 
and ripened flong which is not too 
soft, to avoid making the mould too 
deep, and to beat with numerous gentle 
blows, rather than with a smaller 
number of heavy blows, as this tends 
to give a mould in which the depths 
are nicely rounded off, and do not 
follow the nearly vertical side^ of the 
type face. Again, patches of old mould, 
or pieces of thin sheet metal, may be 
laid in the more considerable depths 
of the forme, so as to support the 
flong where subject to the greatest 
strain. Some stereotypers do this in 
the case of most ordinary work, while 
those who liave a difficulty in beating 
the flong without shifting it, do the 
same in the case of all very open 
formes. 

Izuerting Blocks (Half-tone 
or Electro) in Stereo Plates.— 
The half-tone, during moulding, is 
to be left on its mount— the mould 
being done as far as the drying. Lay 
the half-tone in its proper position, 
and place on it pieces of wood the size 
of the block or corresponding to the 
pinholes ; then paste them on the 
plate. The wood must of course be of 


the correct thickness to be held firmly 
between the lid and the mould. Core 
must be taken not to buckle the 
mould by using too much pressure- 
only enough to hold the pieces in place, 
and thus to stand the weight of matal 
in the pouring. It will be found, 
when cast, that the shrinkage of the 
metal holds the wood firmly. Fasten 
the half-tone plate on the wood in the 
usual way. In the case of electros, 
insert dummy plates in the moulds, 
and afterwards replace by the electros. 

Stereotyping: Half-Tone 
Blocks ana Type combined.— 
If the blocks are not too fine, good re- 
sults can be obtained. The flong must 
be of the best, with a blotting back 
and a fine face paper, it must be free 
from grit, have no creasing in the re- 
spective layers, and French chalk must 
not be used. Make the zinco higher 
with very hard thick card— this pre- 
vents shrinkage of the wood mount, 
which is fatal to success. 

Stereotyping from Mixed 
Type and Wood.— Produce a strong 
adhesive flong by adding a little more 
glue, and take extra care in applying 
the face papers. This flong must not 
be new, and should be fairly dry. 
Thoroughly clean the wood portions, 
as any ink, etc. , left on surface or in 
cracks will come out under the heat 
and ruin the mould. Oil as usual, but 
use sparingly on the wood. Beat flong 
as usual. Qet casting box very hot, 
the lid to be same temperature as the 
bottom, which prevents the steam 
from flong being condensed and falling 
back on the mould. All blankets to 
be well dried— when flong has hardened, 
take the first blanket away and replace 
by a hot one. The mould can be lifted 
after applying a third blanket, and 
slowly dri^ on the casting box. 

Bookbinder's Stereotypes.— 
For gold letter blocking bookbinders 
frequently require a go^ stereo. A 
harder metal is requi^, such as that 
produced by type metal without the 
admixture of 1^. As this chills very 
rapidly, keep the casting box hott^ 
than Lr usual stereotyping, using on 
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extra brown paper sheet at back of 
mould, sufficiently long to reach the 
bottom, and this will keep metal fluid. 
The mould must be dry, not too deep, 
and the metal pnured in at a good 
hej^t. In order that the cast may 
properly set, take care the lid is not 
lift^ too soon. 

Notes on Mounting.— A drill of 
the right size should be used for mak- 
ing screw and pin holes. Holes should 
not be punched through harrl plates. 
When mounting on wood, note the 
run of the grain, in order tliat easy 
planing all round may be ensured. 
Obtain exact right angles by the use of 
the square-edge. Be sure that tlie 
knife of the plane is set at the proper 
angle to its b^ — test it on spare pieces 
of wood, gradually altering the blade 
to suit. When squaring the mouute<l 
plate, start with the straight way of 
the grain at the longest side, making 
one sweeping cut with the plane; long, 
clean shaves prevent unevenness and 
irregularity, and save much trouble in 
printing, such as lifting of spaces, etc. 

Damage to Type. — The (juestion 
of dam^e to type during the process 
of stereotyping is one of some import- 
ance, and it mainly steps in when a 
high temperature is employed for dry- 
ing. If the forme is very tightly 
locked up in the chase it may, in ex- 
panding and softening under the heat, 
become elongated, wMe, on the other 
hand, it may become shortened by the 
pressure of the drying press. These 
two circumstances tend to make a 
newspaper fount become of unequal 
height, and the fount is rendered 
usel^s. 

Let the formes be locked with only 
a moderate force, sufficient to secure 
safe lifting. With the enormous power 
at the operator’s command, only a 
slight turn of the wrench produces 
enough pressure on the type to secure 
this end— -which may be verified by ex- 
periment— and then loosen the formes 
atiWn aa they are placed on the hot 
Btereol^ping bed, so as to allow for 
expansion. When possible, lifting the 
formes at all should bedispuiisod with: | 


they should be imposed and then slid 
along on a continuous bed or imposing 
surface right on to the moulding bed, 
so as to avoid all possibility of accident. 
With such convenience at command, 
there would be no necessity at all for 
excessively powerful locking apparatus, 
and the oi^nary wooden quoin and 
sidestick would be found sufficient. 
We strongly advocate the insertion of 
wood furniture — say about two-line 
picareglet — between the long side-stick 
and the type ; for, in case of undue 
expansion of the typo in the process of 
moulding for stereotyping, the wood 
would give way before the metal type, 
and the latter would therefore be pre- 
served. 

Stereo Metal. — Good mehd 
should show, when fractured, bright 
crystalline e<lge8. This indicates the 
presence of antimony, a most important 
constituent, giving liarduess and 
sharpness to the cast. Stereo metal 
i can 1)6 obtained ready made ; but 
a good metal can be made from old 
type and lead from linings of tea-chests. 
Frequent melting causes brittleness of 
metal, which is rectified by moderate 
dilution with tea lead. For cleansing 
metal, it should be brought to a heat 
suflBciently high to scorch to a deep 
brown, ‘but not bum, a piece of thick 
paper when dipped into it. The mill 
should then be constantly stirred with 
the skimmer. A flux, consisting of a 
small quantity of crystals of borax, in 
stout brown paper, should be immersed, 
and soon after a little resin tlirown in ; 
well stir, and remove scum. The 
metal should then show a bright silvery 
surface, and be reatly for casting. 

Storing Moulds.-^lt is some- 
times desirable to mould work in case 
of a future demand. . Now it is a very 
easy and inexpensive thing to mould 
formes immediately they come from 
the machine, and to keep the moulds 
in case of future need. Take the 
formes of a 16-page publication ; a set 
of %ht metal frames fit in the gutters 
so as to bring these up to the level of 
the face of the type. The pieces of 
flong— each corresj^nding to a jfMge, 
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with the necessary mai^n— may be 
rather over-dry than moist ; with them 
you can mould a page at a time, and 
not many seconds are required for 
moulding each page, while as each 
mould is made it is lifted off and set 
aside. The formes need not even be 
washed, as the remaining ink does no 
harm in this «ise ; ami the moulds 
being removed at once, there would be 
but little risk of adhesion, even if there 
were not a trace of ink on the type. 
The damp moulds are now laid between 
quires of rougli paper, this being suffi- 
cient to keep them flat during the time 
of drying, wliicli may Ije several days. 
When dry, they are stored away in 
bundles. In casting from one of these 
moulds a few pieces of old mould are 
pasted into the hollows at the l»ack, 
and the brown pai)er flap is pasted as 
usual on tliat edge ^^•hich is to the 
top, but the extra thickness of brown 
paper at the hick is ilisjiensed with. 
In some newspaper offices it is the 
practice to bike the moulds off some of 
the earlier i)ages while wet, and dry 
them separately. When the mould is 
removed wet, there is a contraction of 
alwut linear. 

Plaster Process.—In this, the 
older but now' less used process, the 
moulds are formed of plaster of Paris. 
By this method the castings produced 
liave much sliarper and deeper out- 
lines ; on the otlier hand, the mould 
produces one casting only, the opera- 
tion occupies a longer time, and 
requires a large and expensive plant. 

-The metal-pot, of a 
convenient size for immersing the 
dipping ])an8, is best fixed against a 
wall, to facilitate handling the pans 
by means of a crane. The oven for 
bwing the mould may adjoin the 
melting pot, and Iw fitted with several 
shelves. A good arrangement is an 
ordinary low brick furnace surmounted 

a square oven about 3 ft. wide and 
4 to 6 ft. high, bricked in, and having 
the furnace flue carried round the back 
and sides. The door covers the whole 
front of the oven, and an iron shelf 
to 10 in. wide is fixed beneath it on 


a level with the bottom shelf, for con- 
venience in sliding the articles in and 
out. The floor of the oven should be 
reserved for heating pans and plates 
before casting, and never for l»king 
the plaster moulds, as its temperature 
is unequal, and would cause un^en 
shrinkage and consequent destruction 
of the mould. 

The plates are cast in dipping jMins 
(Fig. 153), 3 to 4 in. deep, oblong, 
and ivith sloping sides, on which are 



sockets a to admit the clamps by which 
the i)an8 are swung from the crane. 
The cover 6 may 1^ flat or slightly 
domed, the corners c being cut off to 
admit the metal. The lid is held in 
place by the screw d and the hinged 
clamp e. The floating plate, of J-in. 
iron, fits loosely into the dipping pan. 

The trough for cooling the dipping 
pan and its contents is placed Inside 
the metal-pot, in a position to admit 
of the ‘crane easily depositing its 
charge. It should be about 4 ft. long 
and 2 ft. wide, and stand slightly 
below the top of the metal-pot ; four 
iron bars, f in. thick and 2 in. wide, 
are fixed across, sufficiently near each 
other to allow of two dipping pans 
being placed on them at one time. A 
few pieces of tliick flannel, or similar , 
substance, secured round the bars will 
admit of the moisture being commu> 
nicated gradually to the hot {MUi, 



248 Stereotyping: Piaster FroOess. 


Some molten metal frequently falls { 
into the trough from the corners of 
the dipping pan during suspension, 
and from the ladle while filling ; the ] 
trough should be cleaned up at 
intervals, and the cleanings tlmown 
into the metal-pot, but not while the 
metal contained in it is heated. A 
good plan is to sweep the foundry and 
clean out the cooling trough every 
night, and to transfer the sweepings 
to the metal-pot, rawly for melting 
on the following morning. 

The plaster matrix is taken from the 
forme in a moulding frame, which in 
appearance l>ears a close resemblance to 
an ordinary chase ; but the four sides 
facing the type are l3evelled inwards, 
so that when the plaster hardens it is 
equally supported on all sides. 

The formes are placed for moulding I 
on an iron surface fixed against a wall. I 
It should be long enough for several 
moulds to be prepared in immecliate 
succession. The iron surface may be 
replaced by a slab of stereo metal, 

1 in. thick, well planed on the surface, 
and arranged along an ordinary wooden 
balk ; in this latter case, the surface 
of the slab should be frequently 
examined to ascertain whether there 
are any indentations, which would 
necessitate their being either replaned 
or discarded, as the type might sink 
into the cavities when planed down, 
and render the mould imperfect. 

The dipping pan, after cooling, is 
placed on a block 4 ft. high and 3 ft. 
wide, where the mould is knocked i 
out of the pan, the comers of the ! 
cast are detached by the mallet, and { 
the plate is thus set free. I 

Brushes are needed for cle&ning the 
type, removing the plaster from the 
sur&M3e, and oiling ; small steel 
straight-edges, for taking off the 
superEuous plaster from the back of 
the newly-made mould; chisels, for 
raising the moulding frames from the 
forme, and releasing the plate from 
metal', a strong barrel, with lid, 
for thb storage of plaster in a dry 
place ; and several tin cans for mixing 
the composition. 


Preparing the Metal. — • Several 
recipes for the composition of alloys 
for casting stereotype plates will be 
found under the heading of “ Alloys ” 
(Volume I.) In general terms it con- 
sists of lead with about 12 to 18 per 
cent, of antimony added to produce 
the necessary degree of liardness. It 
may be bought in blocks ready for 
use, which is the better plan in all 
but large establishments, as some skill 
is required to ensure making a good 
quahty of metal, and without that 
quality satisfactory work is impossible. 
The furnace and j)Ot for melting the 
metals and making the alloy, as well 
as for heating the metal r^y for 
casting, should be completely encased 
in a hood of sheet iron, with a flue 
leading from the top, which flue may 
be utilised for conveying a certain 
amount of heat to the drying oven. 
The hood must liave a door in the 
front to permit the metal to be stirred, 
j skimmed, and ladled out. 

Before making the alloy the lead is 
melted alone l^st, and thoroughly 
freed from the dirt and dross which 
collect on the surface, by means of a 
skimmer, consisting of a disc of per- 
forated sheet iron vnth a rim and 
short handle. The addition of a 
small (piantity of oil or grease to the 
molten metal will much facilitate the 
liberation and removal of the dross. 
When the lead is perfectly clean, it is 
cast into blocks ready for remelting 
to make the alloy. 

In conducting this latter operation 
the lead is again placed first in the 
pot, melted, and well skimmed, taking 
especial care that no zinc is allowed to 
contaminate it. W^hen quite clean, 
the proi>er proportion of antimony is 
added, tliat being, for every 100 lb, 

I of lead, 18 lb, for the plaster process, 

I but only 12 lb. for the pai)er process. 

1 If the molten alloy, after being well 
stirred to mingle the two metals, be 
found to exhibit a tendency to adhere 
to the sides of the pot and to the tools 
plunged into it, this may be taken as 
a sign of poor quality and the necessity 
for adding more antimony. Having 
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secured a good quality of metal, it 
will l)e fit for casting at alwut 600*^ F. 

C. ). Experienced workmen esti- 
mate the temperature by hoWing the 
hand at a distance above the pot, in- 
stead of having recourse to a pyro- 
meter, but a novice would ne^ to 
resort to the more scientific method 
until accustomed to judge of the heat. 

In making stereotyping metal in the 
foundry a ([uantity should be mixed 
at one time, as the plaster process de- 
mands much matenal always in use. 
Tlie manufacture of the alloy con- 
siderably interferes with the casting, 
and the dipping should never l)e com- 
menced witliout a sufficient supply 
being available. In most foundries 
where mixing is carried on to any ex- 
tent, a separate pot is provided for the 
purpose, taking care that it is well 
closed in by an iron hood, before de- 
8cril)ed, just sufficient ojxjning being 
left for the long iron for mixing. 

The broken metal, if of gocnl quality, 
should present a spvrkling afjpearance ; 
if it is dull, sufficient antimony has not 
Ixjen added, and plates made from such 
metfd W’ill lack sharpness of outline. 

Prqmriwj the Fon/w;.— The first 
step is to sulxlivide the forme, if pos- 
sible, so as to have plates of minimum 
size. The forme is laid on the impos- 
ing surfiice, unlocked, slightly damped, 
and re-imjx)sed in smaller chases with 
type-high clumps to re})]uce the furni- 
ture round the pages, noting that the 
lower side of the clumps must come 
next to the type. Every caution must 
be observed to prevent types falling, 
out, and to ensure the matter being 
securely locked up and level. 

Low spaces and quads must all be 
raised to the level of the height of the 
shanks of the letters prior to moulding ; 
therefore it is desirable to employ high- 
spaced founts when plaster casts are to 
be taken. Besides being originally 
more costly, however, the liigh spaces 
would be a source of much trouble if 
the type should be required for work- 
ing from. 

“ Filling-up ” is effected by pouring j 
plaster having a pasty consistence over i 


the surface of the forme, and rubbing 
it down by hand. When this has been 
evenly and thoroughly performed, and 
before the plaster has completely set, 
the whole is gone over with a mode- 
rately stiff brush, to remove the pla|ter 
from the Ijeards of the letters. 

The pages liaving been examined for 
imperfections, the forme is set to 
dry thoroughly in a rack specially pro- 
vided. If a number of formes are tc be 
cast, it is well to fill them all at one 
time. The plaster being diy, the 
forme is laid on the imposing surface, 
wliich must l)e jierfcctly clean, and the 
fjice is again brushed, so that any small 
detached crumbs of plaster may be 
cleared away. 

Before oiling it is absolutely essen- 
tial that the face of the type be both 
clean and dry. When this is the case, 
carefully apply some olive oil on a soft 
brush, sometimes adding a small pro- 
portion of tuiqw if the oil is very thick. 
The oil mu.st fidhere in every part, or 
the cast will come away in an imper- 
fect condition — pieces of plaster re- 
maining attached to the unoiled spots. 
The oil answers a double purpose, pre- 
venting the adhesion of the mould to 
the type, as well as hindering the 
moisture of the fresh composition from 
affecting the plaster alr^y used in 
filling up the forme. 

Oastirtg the MenUd . — On the locking- 
up furniture round the type are placed 
pieces of tin about in. wide and of 
various lengtlis, destined to provide a 
perfectly flat surface for the casting 
frame, and to stop the thin plaster 
from running. The casting fi^me is 
adjusted in position round the pa^, 
after the sides have been oiled. Then 
in an iron or tin pot kept for the pur- 
pose is mixed a sufficiency of pheter 
to a creamy consistence ; this is poured 
upon the face of the type and carefully 
forced in by a pad of folded blanket, 
called a “ dabber.” In this way the 
air is expelled from between the plaster 
and the face of the type. Then more • 
I pasty plaster is added, and well rubbed 
I in by liand, to ensure the plaster oc- 
I cupying the smallest interstices, when 
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the surface of the type will be com- 
pletely covered with a film of plaster. 

. Next a further quantity of the com- 
position is mixed somewhat thicker, 
and enough of it is poured on the 
forme to entirely fill the casting frame. 
As the plaster hardens very rapidly, 
every means must be taken to prevent 
small lumps from forming, lx)th on 
the hands and in the mixing-pot ; 
after each operation the hands and 
pot should be well washed. Wliilst 
the plaster remains liquid the surface 
is scraped with a straight-edge level 
with the top of the casting frame, after 
which the mould is allowed to stand 
for five minutes ; by this time it will 
have partially liardened, when the back 
may*be scraped again. Should the 
mould not be of uniform thickness 
throughout, it is apt to be cracked 
by 'the pressure of the molten metal 
in the dipping-pan. Success is almost 
entirely dependent upon the quality 
and manipulation of the plaster. 

Removing the Mon/d . — When the 
mould has stood some 1 to 20 minutes 
it should liave become sufficiently firm 
for lifting from the type. Forked tools 
with short liandles are used for this 
purpose, one in each liand, the points 
being carefully inserted between the 
casting frame and the chase. The ope- 
ration demands the gentlest care ; if 
force is exerted unevenly small por- 
tions of plaster will brejtk off and sppil 
the mould. After detaching one end 
of the frame, the other end is loosened 
in the same manner ; then the whole 
can be lifteti off the forme, being sup- 
ported by the protruding bevel of the 
casting frame. After removal of the 
mould the type should present a per- 
fectly clean face, not a particle of 
plaster appearing among the type. 

Rakkig the Mould. — When the 
mould hw stood for a few minutes, 
with the aid of a knife cut a small 
groove round the back towards the iron 
Turn the mould on its back 
• adQ lightly tap the frame, when the 
pliMter'will drop out in its entirety. 
Superfluous plaster is trimmed off with 
the knife, and notehps are cut on the 


top sides of the plaster rim, that 
the molten metal may gain admission 
to the face when put into the dipping 
pan. 

The plaster cast is next baked in the 
oven, whose proper heat is about 400° F. 
(204° C.). The mould is introduced 
between two of the partitions in the 
oven on its side, and allowed to remain 
for about hour, by which time it 
will liave become sufficiently* baked, 
and will assume a brownish hue. Mean- 
time the dipping pot and floating plate 
are likewise put into the oven, on the 
Ijottom shelf, in order tliat they may 
attain the same heat as the mould. 

I'estinff the Metal . — Before pt)uring 
it is necessary to test the metal, as 
unless it is hot enough it will not flow ’ 
freely under the cast, and the plates 
will lack sharpness or become chilled ; 
if too hot, the mould is liable to crack 
when immersed. The test mostly ap- 
plied is tliat of inserting a piece of 
paper in the metal, when the i)aper 
should acquire a straw colour. If the 
metal is too hot, the draught of the 
fire must be reduced or a little cold 
metal added. The dipping pot or cast- 
ing pan, when sufficiently heated, is 
slid along the iron shelf to the front of 
the metal pot, and the floating plate, 
which is of the same size as the bottom 
of the pan, is put inside, the workman 
being provided with pads of tliick 
flannel while handling them. 

Casting the Piute . — The first precau- 
tion is to ensure that the pan, plate, 
and mould are of nearly one uniform 
.temperature: if the plate is colder 
than the cast it will cause a sudden 
contraction of the latter ; if warmer 
a sudden expansion, either of which 
will probably crack or warp it. Some 
workmen prefer to lieat the floating 
plate by immersion in the molten 
metal. There must be no delay be- 
tween placing the dipping pot in posi- 
tion, the floating plate inside, the 
mould on the top, and fastening the Ud. 
After removing the cast from the oven, 
should anything unforeseen occur to 
prevent its being immediately placed 
in the dipping pot it must be put back 
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in the oven till heated again, together 
with the pot and plate. 

Should the cast be much smaller 
than the floating plate, small plaster 
cubes, previously prepared, may be 
placed round the sides to prevent it 
moving about in the pan. The cover 
is next put on and secured by means of 
the clamps and screw, the clamps at- 
tached to the chain on the crane being 
fastened into the sockets on the side 
of the pan. Tlie ratchet is wound up 
and the whole is swung above the 
metal pot, then gently lowered until 
the top is on a level with the surface 
of the metal. By tilting the clamps 
with one liand the side of the dipping 
jjau is gently dipped at one comer into 
the metal, allowing the latter to flow 
in only at one comer, so tliat the air 
may be driven out at theother openings, 
the pan being entirely immersed only 
after all the air has been expelled. 
When the pan is full, gently lower 
the whole into the metal, allowing 
it to rest on the bottom of the pot. 
Care must l»e taken tliat the metal in 
the melting pot is not allowed to run 
too low, so as to ensure that when the 
mould is placed ready for dipping 
there is sufficient metal to cover the 
tep of the pan. 

When new metal is added* to the 
pot the temperature of the mass will 
be considerably lowered, and no cast 
should ever }>e made without first test- 
ing the temperature. 

By its greater specific gravity the 
molten metal presses up the floating 
plate and the mould to the lid of the 
dipping pan, and forces itself through 
the notches cut in the side of the 
plaster into every part of the mould. 
The j)aD should remain in the metal 
for about ten minutes, during which 
time the floating plate for the next 
casting may be placed in the metal, 
allowing sufficient to remain above the 
surface to enable the operator to ob- 
tain a firm hold for its removal. 

Cooling the When the pan has 
remained in the metal for the time 
stated it should be gently raised, 
swung round to the cooling trough, 


and allowed to rest on the supports 
made for the purpose. Care must be 
taken that it be swung in a perfectly 
horizontal position, or the metal will 
be liable to flow to one side and thus 
render the thickness of plate unev,^n. 
As the metal cools it contnicts con- 
siderably, and more metal must be 
poured in at tlie corners of the dipping 
pan to make up the deficiency, and to 
exert the necessary uniform pressure 
on the cast. This pouring must be 
repeated several times during the cool- 
ing. As the water in the trough sinks 
owing to the rapid evaporation, further 
supplies should occasionally added 
to maintain the required level. The 
cooling of the cast (which pr^rly 
occupies about 20 minutes) must not 
be burned, or the mould will split, and 
the metal will run into the crack. * If 
the cooling operation is hastened in the 
slightest degree the sudden contrac- 
tion of the metal on the surface of 
the newly-formed plate will cause the 
letters to lose their clearness of outline. 
The water in the trough should be 
liigh enough to saturate the pieces of 
blanket, but it must not be allowed to 
touch the pan Iwttom. 

Knockiruj out the Plate . — When the 
l»n has completed its cooling it is 
lifted on to the knocking-out block ; 
then loosen the clamps, and remove 
the lid by inserting a strong chisel at 
thp corners. Turn the pan upside 
down, and give a smart blow with the 
mallet on the bottom, when a block of 
apparently solid metal will drop out. 
Let it stand for a few minutes to allow 
it to become still colder, then turn 
again, the widest part uppermost. 
When the metal is sufficiently cliilled 
strike off the extreme corners with a 
mallet, l»eing careful to hit away from 
the bulk. Next break away the sides, 
striking from the top, and, as before, 
away from the body of the metal, or 
the plate will be injured. 

After all the edges round the top are 
struck off, the thin metallic covering * 
of the mould can be removed, and the 
whole of the plaster will be exposed 
to view. This can be pidked from the 
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surfoce of the cast, and the latter be 
lifted from the floating plate. 

It is wise to wear a leather apron, to 
provide against the effects of metal 
splashing ; some thick blanket-pads 
sJvuld be provided to enable the work- 
man to safely handle the hot dipping- 
pans, floating plates, etc. 

Should any plaster adhere firmly to 
the detached pieces of metal, the whole 
may be thrown into the melting pot, 
when the plaster will rise to the sur- 
face, and can be skimmed off with the 
ladle. 

If the cast is perfect, superfluous 
metal is cut away and the plate finished. 
More work is entailed in finishing a 
plaa^r plate than in the paper pro- 
cess, incurring additional items of 
expense. 

flattening the Plate. — In conse- 
quence of the unequal contraction of 
the metal on the face and back of the 
cast, before finishing in the ordinary 
way the plate needs to be “ flattened." 
Having trimmed the superfluous metal 
from jthe sides, etc., run a small 
straight-edge over the face, when in- 
dentations may easily be seen. Mark 
these places with a pair of callipers on 
the back, and then with a planer or 
burnishing hammer knock them up 
to the required height. A piece of 
thick brown paper or thin flannel 
must be placed between the beating 
surface and the face of the plate, .or 
the latter may get injured. 

Turning to Uniform Thickness , — ^The 
back of the plate is sure to be somewhat 
rugged, and probably extremely un- 
even. It is therefore necessary, before 
planing smooth, to turn the plate to a 
uniform thickness in a lathe made 
specially for the purpose. This con- 
sists of a large thick disc, working on 
a short shaft ; four adjustable toothed 
chucks or “dogs" lie upon the sur- 
ihce, and can be moved to any position 
towards the centre of the disc by the 
turning of a screw-head in the flange 
of the wheel. In front, and parallel 
with the disc, is a slide, upon which 
is fastened a curiage provided with 
adjustable knives. After the plate is 


fixed to the large disc or wheel by the 
chucks the machine is set in motion, 
and, as the plate revolves, the carriage 
and knives move slowly along towa^ 
the centre of the disc. By this means 
a regulated thickness of metal is taken 
off in circular strips. A piece of thin 
brown paper is laid between the fwes 
of the disc and the plate to prevent 
any injury to the latter by rubbing 
when it is l)eing secured. Wlien fixing 
it is essential to place the plate as near 
the centre of the wheel as possible, 
and to tap or press it closely to the 
surface ; if this be neglected it may 
be springy when screwed up, which 
will cause the metal to be taken off to 
an unequal degree. On the other 
hand, the chucks must not be screwed 
up too lightly, or the same defect will 
occur, and the plate be insecure. Just 
sufficient force should l)e exerted in 
securing the plate to j>revent the possi- 
bility of its being jerked off while being 
turned. 

Planing the Back . — ^Before placing 
the turned plate in the planing machine 
I the angles of the top and bottom edges 
of the back of the plate need filing off 
a little, HO as to enable the plane to 
catch the metal fairly. The machine 
must be adjusted with accuracy so as 
to reduce the tliickness of the plate to 
a small pica, always allowing for the 
sheet of paper which must be interposed 
between the face of the plate and the 
bed of the planing machine. This 
planing process is not always carried 
out, but its advantages are obvious in 
saving labour when the plate has to be 
made ready for printing from. 

A handy form of planing machine is 
shown in Fig. 1.54. It consists of a 
long iron bed a working backwards and 
forwards on a long screw 6 running 
beneath. The knife c is fastened at a 
slight inclination in a frame d fixed 
across the centre of the bed. The 
plate is laid face downwards on the bed, 
and a thick iron wedge is forced by the 
workman on the bade of the plate. 
By revolving the capstan wheel e tbe 
^te is gr^ually driven under the 
knife, by which a slice of metal is taken 
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off and the plate reduced to a uniform I MomUing the Plate.— ‘li the plate is 
thickness and even surface. | to be mounted on a wooden base the 

bevelling can be dispensed with, 
the plate merely requiring to be 
trimmed square and almost flush 
with the type. The best woodrfor 
mounting on is well-planed pine ; 
the plate is thoroughly secui^ by 
driving ^-in. French nails through 
the metal and into the wood, 
punching them down flush with 
the metal. 

Stereotyping has been largely 
adopted in newspaper work as 
saving much labour where the 
same item of news has to be sent 
to perhaps a dozen or more differ- 
ent papers. In this case, plates 
of the items are cast in the re- 
quired number and distributed. 
To reduce the heavy cost of tran- 
sport entailed by using the ordin- 
ary massive plates, the impression 
is taken in sheets of metal of only 
just sufiicient thickness to afford 
a printing surface and ensure 
Fio. 154 . fre^om from liability to* break- 

age by rough handling. Then this 
Peifdling and Squaring the Plate. — i metallic printing surface, which will 
The planing has rendered the plate true be recognised as the essentially valu- 
as regards its faces. The next step is able part of the stereotype plate, is 
to adjust its edges. An accurate gauge , mounted either on wooden lengths, of 
should be used, each size of t^pe page the proper thickness, and secured by 
requiring a separate gauge. The plate nails, or recourse may be had to the 
is laid on a flat narrow iron table, ar- . metallic block system, in which the 
ranged to run on slides, fixed to a very plate is cast with an undercut projec- 
firm bench, with a planing iron secured tion corresponding with a groove in the 
in juxtaposition. The plate is laid on block which is to make up the neces- 
its back and covered with a piece of sary type height. The blocks are cast 
stout blanket, on which a screw platen in columns, and afterwards cut into 
descends to hold it in position. The pieces varying from ^ in. to 18 in. in 
plate having been correctly gauged, the length, for convenience of making up 
edges are accurately planed off to the into columns. The plates are locked to 
gauge, and then as carefully bevelled the blocks by column rules. Obviously 
at the margin. Where operations are the same principle may be carried out 
conducted on such a large scale that I with any suitable method of uniting 
hand labour would be inadmissible, the plates and blocks, 
some form of planing and bevelling ' It is a matter of convenience to cast 
machine may used, operating by the “risers” or movable blocks for 
means of revolving cutter discs, a hood mounting plates on the premises. 
beiM fitted over the work to collect They are usually made square, with * 
the flying particles of metal. A small ^ indentations at the sides for reception 
gas engine or water motor is handy for of the brass catches, as in Fig. 156, 
driving the maoliines. I which measures 3 in. long and in. 
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Muafe, other sizes beiug also made. 
The side clumps, Fig. 156, are made 
either or 3 in. long, and 1 pica 
thick. The blocks should be cast 
hollow to save metal. The catches, 
Fi^. 167, are made of brass rule, and 



* Fio. 166 Fig. 167. 


can easily be produced on the premises 
getting long strips cast with the 
required flange, then cutting up as 
ne^ed, filing quite smooth, and drill- 
ing the necessaiy holes for admitting 
the pin that holds all secure. 

Perfecting the Phtc . — After all the 
proce^ng processes the plate is very 
carefully inspected for minor imperfec- 
tions. Of course, anything like a 
serious imperfection is quite suflicient 
to condemn the plate entirely, and 
necessitate its being redone from the 
beginning *, but small matters may be 
remedied. Among these are spots 
where the metal in the “whites” 
oomesioo high and would be in danger 
of taking t^ ink in printing ; such 
knust be chipped away with a sharp 
chiiel. Again, individual letters may 
be battered; these require to be drill^ 
oufijm new type letter being dropped 
hole thus made, and secured 
by soldering from the back. 

Miml^ng fwm tfts Plate.— Beiore 
tskingaoBst from a stereotype plate 


its type surface must be very thor- 
oughly cleaned with a brush and some 
strong soda solution, as for washing 
ordinary type, to remove accumulated 
dirt. It is then dried well, and the 
face is oiled, as in casting from type. 
The plate is next laid on the mould- 
ing table, tin side pieces being un- 
necessary. The mould is taken in the 
ordinary way, and when dry enough 
it is turned on its back, and the plate 
is gently raised from it. Thus the 
mo^d is left till ready fop trimming 
and the other usual processes that 
follow. 

Plates taken in plaster suffer a much 
greater degree of contraction tliau 
those taken by the paper process, in 
consequence of the shrinkage of the 
mould in baking and dipping, while 
the type is not present to offer any re- 
sistance. The amount of shrinkage in 
a crown 4to page is about ^ inch in 
length, and ^ inch in width. 
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Stone. 

ARTIFICIAL AND BUILDING 
BLOCKS 

(See dw CEMiiNTs, Concrete, Pave- 
ments, Pottery, Slag, etc.) 

By artificial stone is meant a compo- 
sition, which is usually composed of 
sand or crushed stone, made into a 
hard mass by means of cement. 
There are now, however, chemical 
actions or additions to be relied on 
making some very sound and reliable | 
building or paving materials, as will 
be seen. A good kind of artificial 
marble is described. 

Artificial Paving-flags.— These 
are made of a concrete composed of 
granite chippings, not larger than ^ in. 
gauge, well washed and mixed with 
clean washed sand and Portland 
cement (well aired and not too new). 
The proportions are 2 of chippings, 

1 of sand and 1 of cement, well mixed 
while dry and then wetted with water 
delivered through a rose. Only suffi- 
cient water should be used to properly 
moisten the whole, as too pasty a mass 
does not lend itself to good moulding. | 

Moulds are made of wood,' lin^ 
with zinc to give sliarp arrises. To 
prevent the concrete sticking to the 
moulds, soft soap, linseed oil or vase- 
line is used. The moist mixture is 
shovelled into the mould, a little at 
the time, and spread by two men with 
trowels. When the mould is full the 
top surface is smoothed over with a 
flat and patted until a cream comes to 
the top. In large works a machine is 
used to rapidly shake the moulds to 
ensure the concrete settling down into 
a solid mass. 

The moulded slab is allowed two 
davs to set (in the mould), then care- 
fully removed and stacked to dry 
slowly. The. air should get all round 
each slab, and at least a week is 
allowed for drying. 

The next process, when required, is 
to put the slabs through the sihea 




bath, this hardening and greatly im- 
proving the quality of the slabs. The 
silicate used is that known as water- 
glass. Silica itself is a very hard and 
refractory material, but in the pres- 
ence of soda it melts readily, accoi^tlg 
to the quantity of soda used, until 
not only is its melting point reduced, 
but, when fused with an excess of 
soda, it actually becomes a soluble 
material. Commercially it can be 
purchased in a state resembling a soft 
size, and when diluted with water to 
a strength showing 1250 or 1300 on 
the hydrometer it makes a bath suited 
! for treating concrete slabs. The slabs 
are soaked in this for from a week to 
ten days, and after being drained, are 
then stacked away to mature for tliree 
or four months. They improve and 
become stronger with keeping. 

Artificial Stone for Moulded 
or Shaped Objects.— This is made 
of a concrete composed of 1 part good 
Portland cement, 1 of sand and 2 of 
broken stone or granite chippings. 
The gauge of the latter should be 
from in. to | in. according to the 
size or bulk of the object to be formed. 
All ingredients are well mixed while 
dry, then moistened with water 
1 sprinkled over with a rose. The 
moulds may be of beechwood, but if 
the shape will admit they should be 
lined with zinc. Metal moulds are 
best if the quantity of articles to be 
made is great enough to warrant the 
cost, while plaster moulds (made from 
a clay model) may be used for small 
numbers of intricate design. Soft 
soap, linseed oil or vaseline is used to 
prevent the cement adhering to tbe 
mould. The concrete should be well 
worked, pressed or shaken into the 
mould, and be allowed four days to one 
week in thq mould to set. After tMs 
they should be allowed ten to fourteen 
days to dry. If they are to be treated 
with silica, this can then be done as with 
the preceding or the following recipe, 
but whether so treated or not, the 
articles should then be stacked away 
some months to mature and properly 
harden. 



256 


Stone : Silicating Liquid, Building Blocks. 


Silicating or “Petrifying** 
Liquid for Concrete, etc.— (a) 
Soluble silica can be made by digesting 
pure flint (silica) with caustic soda, 
under pressure and high temperature in 
an*ir-tight vessel, such as the Papin's 
digester. The strength of the silicate 
should be 140° (T), showing 1700 on 
the hydrometer. For use water is 
added until the mixture shows 1250 
to 1300 on the hydrometer. It is 
then a clear fluid, somewhat copper 
coloured. This forms a dip for con- 
crete flags or other objects ; the effect 
being to fill the-pores with flint, which 
soon sets and makes a hard stone com- 
pound. Concrete and cement floors 
can be treated by pouring the liquid 
over and working it in. 

(6) There are two ways of preparing 
soluble silica or water-glass. The 
easiest is by fusion, mixing together 
10 parts of dried carbonate of potash 
(or 15 parts of dried carbonate of soda), 
15 partB of fine quartz, and 1 part of 
powdered charcoal, and fusing these 
together in a plumbago crucible. The 
resulting mass is soluble in water. It 
may also be prepared by making a 
saturated solution of caustic soda, 
placing this in a cast-iron vessel, along 
with nodules of flint, and boiling the 
whole together, under a pressure of 
60 lb. to the square inch, until the 
soda has combined with as much silica 
as it can take up. This is known by 
its losing its alkaline taste and its 
acquiring a somewhat sweetish savour. 
This latter method is only possible on 
* aratherlarge scale, as special appliances 
are requir^. 

Building Blocks of Hollow 
Ooncrete. — Writing of the use of 
hollow concrete blocks for building 
pu^ioses, the ‘Engineering Times’ 
points out that their use is becoming 
greater every day, the increase being 
so^great that whestas five years ago 
they were practically unknown, there 
are^how no less than 150 dflferent 
^ma(^ihe{^, for producing the blocks, 
and’ a stdj' greater nutnber of firms 
making them. ' There are several 
.causes qf this sudden development 


of* the industry, not the least being 
liigh wages, lower cost of good cement, 
and the fact that much timber may 
be saved. The blocks are made 
of a variety of sizes and shapes, 
and of materials and in proportions 
innumerable, sometimes of one piece 
for a section of wall, and again in two 
pieces (outside and inside). Single 
blocks are matle as large as 8 ft. long, 
and 8 in. wide, and 10 in. thick, rein- 
forced by steel rods. Blocks are rarely 
made longer than 6 ft. without rein- 
forcement. Single-piece hollow blocks 
are made 20 in. long by 8 in., 9 in., 
and 12 in., other dimensions, so as to 
make the full tliickness of the wall. 
Two-piece blocks are made, as the 
name implies, for face and liack wall. 
An argument in favour of the single- 
piece block is that when laid in place 
a section of the wall is completed, 
requiring no bonding to the front, 
containing 30 per cent, air space gener- 
ally ; more material and strength, 
therefore better and more economical 
than two-piece system. Advocates of 
two-piece system claim to secure a 
drier inside wall, with less material, 
liaving 60j)er cent, air space and a 
more even inside wall on which to 
plaster. 

Follovdng are a few of the propor- 
tions of material used by different 
makers of blocks : 1 cement, 4 sand ; 

1 cement, 4 sand, and gravel ; 1 
cement, 5 sand ; 1 cement, 2 sand, 4 
cinder ; 1 cement, 1 sand, 2 crushed 
stone ; 1 cement, 3 sand ; 1 cement, 

2 sand. The concrete becomes practi- 
cally waterproof when set, and thor- 
oughly crystallised. After the mate- 
rials are mixed dry, water should be 
added from a sprinkling can till the 
mass is of a uniform colour and suffi- 
ciently wet to retain shape when 
squeezed in the hand. The quantity 
of water required will vary with the 
condition of the sand and the per- 
centage of L-amidity in the atmosphere. 
Shovel the mixture into the mould in 
small quantities, meanwhile constantly 
tamping. Remove the block on the 
plattem to a place under cover, and 
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allow to remain for at least one w^ek 
(two weeks shows greater strength) ; 
sprinkle the block next morning and 
twice daily for one week, when the 
block may be safely used in building. 

One firm employing twenty-five men 
making hollow blocks supplied them to 
eighty-six dwellings and three large 
factories in three summer months. 
These were generally sent out less than 
a week old, and rarely watered more 
than six times l)eforc placing in the 
yard exposed to the sun’s action. No 
failures have so far accrued, and de- 
mand exceeds production, showing 
that satisfaction has l)een given to 
architects and builders. One peculiar 
fejiture of the business is the favour 
shown for blocks with an imitation rock 
face, which is so palpable an imitation 
of stone work that it is rejKsllent. A 
neat apj)earauce is given by a plain or 
tooled face. The material is so well 
adapted to many uses and designs that 
it deserves a better fate than being 
considered an imitation of something 
else. Let it stand for what it is, the 
best of building materials. The solid 
wall, or so called monolith style of 
concrete building construction Ijeing 
an established fact, why should not 
the block business thrive ? The block 
being made in smaller units afe less 
liable to contain defects than a large 
mass. The most beautiful architec- 
tural effects may be secured by using 
moulds for solid or monolith work, 
and surely the same ingenuity may 
be developed with hollow Ifiocks. Fire 
protection is perfect ; the material 
being practically indestructible. And 
one must further consider the cheap- 
ness and ease of construction; with 
one good mason and a fair quality of 
labouring men, an ordinary plain 
building may be erected of as durable 
a character as the most skilled and 
high-priced men could build, in many 
cases at less cost than a brick structure 
and in some cases less than a frame 
building. 

Silica-Lime Building Stones. 

The name implies that the stones are 
made up of silica (sand) and lime. 
4 


The basis of this process is a chemical 
combination between lime and silica, 
making a very hard stone. The true 
value of the chemical combination and 
the resulting stone is that it is proof 
against all ordinary destructive agencTes 
much 418 Hint-glass i8. 

I’hree processes have Ijeen adopted : 
(1) that of using a lime jiaste, the lime 
licing firat slaked, then made into a 
cream and allowed to settle into' a 
paste ; (2) the use of dry powdered 
slaked lime, ami (13) the use of dry 
powdered (juicklime. These are 
divideil again, in a sense, into air 
hardening, hardening in chambers 
1 with low pressure steam, and harden- 
ing with high pressure steam. 

While all may 1)C considered prac- 
ticjil, the liest and most ecoiK)mica] 
results are obiained witli sand .and 
dry quicklime hardened in chambers 
charged with high pressure stejtm. 
Less lime is employed and much less 
time, the former Ixjing a distinct saving 
in material, while the latter greatl> 
reduces the size of the plant required 
to turn out a given quantity of work 
in a cerbiin time. Air liardening 
bikes weeks, depending on the weather ; 
low pressure steam from three to four 
days, high pressure steam ten to four- 
teen hours. Thus a hardening cliamber 
for the latter can be cliarged and 
emptied many times, while one charge 
would be hardening in low pressure 
steam. There are other minor points 
in which high pressure steam hardening 
gives Ixjst results, jwirticularly as to the 
possibility of the finished stone wearing 
and lasting well. 

The lime should lie as pure as pos- 
sible, the purer the better, and what 
is known as a fat lime can be used. 
The Jictual percentage of lime that' 
can combine with the silica is no more 
than 2 or 3 iier cent,, but this will 
depend to a certain extent on the 
proportion of silica in the sand. Too 
much lime is detrimental as it cannot 
combine, and may, when exposed to 
the air, diminish the strength of the 
stone. A slight excess is, however, 
necessary, as it cannot be relied on 
8 
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that an exact percentage will be bo 
peciaely distributed as to act perfectly. 
In practice, from 6 to 9 {)er cent, of 
lime is requisite. The sand, as stated, 
must be rich in silica, the richer the 
Itetter, and the sharper it is the better, 
the process requiring a mechanical as 
well as a chemical combination. 

The chemical action between the 
two ingredients will not occur without 
moisture, and is greatly assisted by 
heat. The moisture must, however, 
be in correct proportion. Too little 
moisture makes the moulding of the 
stone difficult, and also prevents the 
proper slaking of the dry quicklime 
and consequent imperfect combination. 
Too much moisture causes difficulties 
in the moulding, as the material should 
not be pasty for this purpose. The 
best proportion of moisture is from 8 
to 11 per cent. 

"To ensure the presence of the correct 
proportion of moisture, it is almost 
imperative, iii large works, that the 
lime be burnt on the spot, be taken 
from the kiln and go through the 
gtinding and mixing and ultimately 
join the sand, with little or no oppor- 
tunity of alworbing moisture. The 
sand is dried (by one manufacturer) 
by putting it into the mixing machine 
first, this machine being heated and 
having a vacuum pump attached. This 
quickly extracts all the moisture. The 
lime is then introduced in proper quan- 
tity, and when the machine is closed 
and the mixing mechanism started, a 
measured quantity of hot water is 
introduced through a rose or sprinkler 
that is provided. It follows, then, 
that as the mixing proceeds, the lime 
becomes slaked, and this with the heat 
evolved in the slaking commences the 
' ehemical combination at once ; and it 
is doubtless this that helps to reduce 
t^e time taken by subsequent harden- 
' ing process. 

After mixing, the material is taken 
the presses and there formed into 
'.brkJk, moulded stones and ornaments 
or whatever is required. The press is 
sometimes of the hydraulic kind, par- 
ticularly where quality is required 


more than speed, otherwise a mechan- 
ical press is used. It is in the press 
where the precise best percentage of 
moisture shows to advantage, for if 
too much water is used it is practi- 
cally impossible to press the mass pro- 
perly, whereas if too dry the pressure 
has to be greater, wliich means a 
smaller brick or stone of unnecessary 
weight. 

Having obtained the pressetl forms 
the last important process is the har- 
dening, which is really the drying, 
which completes the chemical combina- 
tion of the two ingredients. This, as 
stated, is done in high pressure steam, 
steam at a pressure of several atmo- 
spheres. The chambers in which' this 
is done are constructed of wrought 
iron and resemble very large cylindrical 
boilers. One end is removable, form- 
ing a locking door, and through this the 
wagon loads of pressed bricks or stones 
are rolled on lines provided. The 
wagons are on low wheels, usually a 
simple platform on which the bricks 
are stacked, or they may be fitted with 
metal shelves, if the moulded articles 
require this. In the latter case the 
wagon cannot cany so many pieces, and 
there isa proportionate loss in economy. 
A chamber about 60 ft. long, by 6 ft. 
diamhter, will take about 10, 000 bricks 
(according to size). A very practical 
description of the processes, apparatus 
and plant for tliis work, is given in 
“ Silico-calcareouB Sandstones” by 
Ernst Stoffler, published by £. and 
F. N. Spon, Ltd. 

Bricks of Cement and Ashes. 

Ashes can be used for making building 
blocks provided (1) they are free from 
lime (2) they have been exposed to the * 
weather to wash out all salts and (3) 
that they are sifted to remove that 
part which is absolutely dust. 1 paart 
of Portland cement to 5 parts of ashes 
will make a reliable block, but they 
should be pressed (as all bricks are) or 
they will be too porous. Thqr are no 
cheaper than ordinary bricks if these 
latter are obtainable. ^ 

Scagliola or Imitation 
Marhle.—This is not a surface finish 
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(such as is described under “Marbling”) 
but is made up of solid coloured ma- 
terial. The work can be made very 
beautiful if care and judgment be 
exercised, and properly done the sub- 
stance is very like marble of the iHJst 
decorative kinds. Much, however, 
depends on the making, as will be 
understood directly. 

Take some l>est gypsum and calcine 
it until the masses have lost their 
sparkling api)earancc and become uni- 
formly opa(iue, then grind and sift 
finely. This can be obtained ready 
prepared if required, being the best 
quality plaster-of-Paris. When about 
to be used it is nuule to a tlun paste 
with a solution of glue or isinglass, or 
similar material which will retard its 
otherwise too rapid setting. If only 
one tint is re(juired tliis is made up by 
mixing a suitable colouring iugretlient, 
but to imitate the variegated colpurs 
of marble, a sufficient number of 
vessels liave the plaster in them, each 
of a dittcrent colour. The different 
coloured materials are then roughly 
mixed (or combed) together and at 
once applied to the wall or object 
that is to be coated, the surface being 
floated smooth and then allowed to 
set hard. 

Thenext and final process is to polish 
the surface. This is first done with 
pumice stone and water (the surface 
being wetted with a sponge) after 
which tripoli and charcoal are used 
wth a piece of linen, and finally a 
piece of fine felt dipped in a mixture of 
oil and tripoli. It may last of all be 
gone over with oil only. Walls or 
large objects to be finished in this way 
have a surface of roughened plaster to 
receive the scagliola composition. 

Grindstone, Artificial. — 
Washed silicious sand 3 parts, shellac 
1 part ; melt the lac, and mould in the 
sand,^ while warm. Emery may be 
substituted for sand. Used for razors 
and fine cutlery. 

(2) Very hard and good. Powdered 
gl^ 69 parts, rock crystal 22 parts, 
ndnium 22 parts, calcined borax 14i[ 
parts, saltpetre 5 part^, arsenic If 


parts. Mix with water to a paste and 
press into moulds. 

Hardening of Soft Stone.— 

A process by means of which the soft- 
est sandstone or limestone can be ma<le 
hard has been discovered by A. Kti- 
belka. The following are the methods 
he employs. First, the surface of the 
stone must be thoroughly cleaned, so 
as to expose the iK)res. Any bil or 
grease spots must l)e removed with 
benzene or with the alcohol flame. 
Missing pieces must be filled up with 
cement mortar, using a 1 : 7 solution 
of waterglass for tempering. After 
the stone is thoroughly dry, it is satu- 
I rated with a solution of pot^h or soda 
waterglass. In case of rain during or 
immediately after tliis operation, the 
stone must be again cleaned, dried, 
and saturated with the solution. 
Then follows an impregnation with 
molten chloride of calcium. Aftef* 
this, rain will do no more harm, as on 
account of the reaction of the chloride 
of calcium upon the solution of water- 
glass, the pores of the stone will be 
filled with insoluble, hard silicate of 
lime ; while the soluble silicate of Ume 
will be decomposed and washed out by ■ 
rain. 

Another method of Kubelka’s is 
to saturate the stone first with a 
solution ef sulphate of alumina in 
water, and when dry with a solution ^ 
of potash waterglass. Sometimes a 
repetition of this process will be neces- 
sary to thoroughly fill all the pores of 
the stone. It is enough if the stone 
is saturated to a depth of about f in. 
Whitish brush marks may be cleaned 
either by rubbing with a piece of the 
same stone, or by refacing the stone, 
or by brushing with steel brushes. 
Should the solution not impr^nate 
the stone quick enough, it must be 
diluted with more water. The solu- 
tion should be entirely absorbed by 
the stone in about one minute. 
Whatever is left over on the sur&oe , 
after this time should be wiped away 
with a rag, as the crystals formed 
the evaporation of the water would 
make a rubbing and cleaning of the 
B 2 
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stone necessary. A separate brush 
should be used for each solution, so 
tliat the reaction should begin in the 
pores of the stone. For larger surfaces 
atomisers or sprinklers may be used 
successfully. 


•-W23eC3«“ 


Straw Plait and Woven 
Matting. 

There is so much similarity in the 
manufacture of these articles tliat they 
readily admit of description under a 
general heading. 

Straw-plait. — In this industry, 
Tuscany holds a first place. All that 
which is known as Leghorn or Florence 
straw is raised on the hills which rise 
on each side of the rivers Pisa and Elsa, 
to the south-west of Florence. It re- 
quires a particular soil ; in fact, ite 
swlaptability to the uses to which it is 
destined depends principally on the soil 
in which it is sown, which to all ap- 
{learance exists only in this small dis- 
trict, out of the Ixiunds of which the 
cultivation of straw is unknown. 

The grain of several of the finest 
(|ualitie8 of wheat, provided it lie of the 
kind that lias a hollow flexible stem, 
ojin be used for seed. The soil must 
be tilled and prepired very much as it 
is for com, but the seeil must be sown 
five times as thicklyas what is usual for 
other purposes, either in December or 
February; in the latter case the crop is 
gathered later. When the straw is full 
grown, and just before the grain begins 
to form itself in the ear, which usually 
is during the months of May and June, 
it is uprooted and firmly tied, close to 
the roots, in little sheaves, each one 
aliout the size of a liandful. Each 
little sheaf or vicnaUi, as it is called, is 
spread out in the shape of a fan to ^ 
in the sun for three days, after whicn 
it is safely stowed away in bams. 

After the liarvest is over, and the 
fields are empty, it is again spread out 
to catch the heavy summer dews and 
to bleach in the sun, during which 
process every sheaf has to lie carefully 
turned over every day, till it is equally 
white on both sides. Here the culti- 
vator’s work ends and the manufac- 
turer’s begins. But before we leave 
the strawfields we must say a few 
words concerning the dangers towliich 
this delicate, plant is exposed during 
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the various stages of its growth and 
preparation. When young and small, 
it is, like other crops, liable to lie 
drowned by too much rain ; or if, on 
the other hand, the weather be too 
dry, its growth will Ijp stunted. When 
full grown, a storm often injures or 
even destroys it in a couple of hours. 
A whole field of straw on the eve of 
being uprooted will sometimes lie laid 
down flat on the gi'ound, and the frag- 
ile stems will lie crusheil, stained, and 
unfitted for use. Even if only slightly 
lient, the ends will turn upward again, 
and continue growing, and tlie little 
knot or joint which is then formed in 
the stalk renders it almost unmarket- 
able. If the weather is only foggy or 
damp, the straw is exjiosed to rust 
stains ; indeed it is at all times liable 
to these stiiins if not properly dried. 
A ^eat dejil of wind will dry and 
shrivel it up, an<l liardon it ; it will 
also harden the ground and make it itn- 
pt)Bsiblo to uproot the straw without 
spoiling it, whihi it will lose its flexi- 
bility and bo unfit for plaiting if the 
grain forms itself in the ear before it 
is uprocted. A shower of min will 
often spoil it after it has liecn uprooted 
and laid out to dry. It will Ixs watched 
day and night if the weather is doubt- 
ful, and at the least approjich of danger 
it is quickly piled up and covered with 
mats, or else taken under shelter. If 
not properly dry, it must not Ije kept 
too long piled up, or it will fennont. 
A great deal is often lost in that way, 
for as it cannot Ixi laid out again in the 
wet apd muddy fields, it will be spoiled, 
unless there are paved or gravelled 
places to 8pn;ad it out in. When per- 
fectly diy, its greatest dangers are 
over, for although watching is equally 
necessary during the blcacliiiig process, 
changes in the weather occur less fre- 
qtiently and less suddenly in the more 
advanced season, and with a little care 
it is easily protected from any serious 
damage. 

The next proceeding is the sfilatura^ 
as the process of carefully drawing out 
each single straw from its outer cover- 
ing or sheath is called. This is done 


by peasant girls who assemble for the 
purpose, and holding the shejif firmly 
i)y the i-oots with one hand, they 
briskly pull out the straws one by one 
with the other, tile straw thus deprived 
of its outward sheaf lieing tied in littla 
bundles, weighed, and put aside for 
plaiting. 

Before it is plaited, it must, how- 
ever, be first jiroperly sorted according 
I to the different dcgi ees of its thickness. 

[ This is usually done by macliinery, 
the straw being ingeniously shaken in 
an upright ix)sition ovei* a frame in 
which exceedingly small holes are 
lK)red, through which the very finest 
straws alone can jmss. What cannot 
get through is taken on to a second 
frame with slightly larger holes, then 
t{) a third, and so on through 10 differ- 
ent degrees of thickness. What re- 
mains is set aside for very coarse hats 
and other uses. 

The little bundles being now pro- 
perly sorted and numl)ered, according 
to the size of the straw, the heads or 
ears are cut off, and the stalks are cut 
across in the middle to separate the 
top ends from the lK)ttom, or pedali, 
the former being used for the finest 
plaits, the latter for the more common 
ones. The bundles are then wetted, 
and arranged in circular rows one above 
the other in an earthen or wooden tub 
or other receptacle ; and a small vessel 
containing lighted sulphur being placed 
in the middle, the whole is well covered 
to prevent the fumes escaping, and the 
! straw is well fumigated till it attains 
the proper degree of whiteness ',^it is 
then exposed t<» the sun until perf^tly 
dry, and is ready for plaiting. If a 
jMirt of the straw gets stained in 
course of preparation, it is dyed and 
used for mix^ plaits or for coloured 
hats. 

Nearly all the peasants plait. Some 
make their whole living by it, others 
only plait in their leisure hours, while 
tending cattle, or during the long 
winter evenings. In some places men, 
women,and children all plait, and little 
else is done. Straw merchants go 
about once a week in their carts from 
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house to house, calling for the ready- 
made plaits, and leaving more bundles 
of straw to be worked. The plaits are 
made of difierent sizes and i)attern8, 
the usual plain ones Tbeing made with 
?or 11 straws, according to the width 
desired. An open pattern can be 
made by plaiting in a wlialebone, which 
is afterwards dmwn out, or the straw 
may be wound round a stick wliile 
plaiting, which when removed leaves 
a kind of curled edge on one or both 
sides of the plait. The plaits, if not 
found sufficiently white, can be again 
bleached and fumigjited with sulphur 
before they are sewn into hats or 
bonnets ready for wear. 

Straw can l)e sold at different 
periods. It is sometimes bought “ on 
the ground ” — that is, before it is 
uprooted— in which case a sum is fixed 
upon for the whole field, and the risks 
and costs of uprooting, drying, etc., 
rest with tlie buyer. It is more gcnc- 
, rally sold after it has been dried and 
taken home, and just before it is 
bleached, and then so much is given 
for each hundred sheaves, or niCTiate ; 
if sold after the sji‘<atura, that is, when 
cleaned and tie<l in bundles, it is sold 
by weight. The price varies according 
to the demand there is for it, and ac- 
cording to the quality of the straw. 
It has varied from 2 to 8 or 9 francs 
the 100 sheaves, so tliat it is impos- 
sible to give an idea of what can be 
gained or lost by straw raising. Ma- 
chinery has lately been used for work- 
ing straw, and a very pretty tissue is 
made of it, and used for making 
baskets, parasols, and other things ; 
very pretty fanciful braids, fringes 
and tassels for trimmings are aJso 
made. The rich plait used for hats 
continues, however, to be made en- 
tirely by hand. (‘Jour. Ap. Sci.’) 

There are three varieties of wheat of 
Jbhe golden plant (pianta ddla JUa 
d’oro), asstrawis call^ in Tuscany; the 
is called pontederas semme, which 
produMS the best straw for hats ; the 
atonal ma/rzudo, which is of a rather 
common qualify \ and the santa Jioro, 
which is only , used for ,. pedals and 


braids. The pontedcrm smmc is sown 
in arid soil, while the other two varie- 
ties recjuirea more fertile soil. Seed is 
sown in November and December, 
according to the season, the object 
being to have the grain well up before 
the heavy frosts come, in the })ropor- 
tion of 1 1 hectolitres to each hectare, 
that is, about 1 2J bushels to the acre. 
It is sown as thickly as possible, in 
order that the growth of the plant 
may lie so impoverished as to produce 
a thin stalk, at the same time having 
towards the end from the last kqot 
the lightest and longest straw. Side 
hills, with a gravelly soil, and liigh 
meadow lands that have had a surface 
ploughing and rough liarrowing; are 
specially adai)ted to the straw culture, 
low swampy grounds being generally 
avoided, as dampness when the stalk 
is well grown renders the straw dis- 
coloured and coarse. The ground is 
ploughed and dug up in June, and left 
in this comlition until November, when 
the soil is again turned up, and then 
it is ready for sowing. If the soil is 
very poor and thin, a very light surface 
of manuring is ocias'onally used, but 
this is not frequently resorted to, as 
it is apt to render the stalk thin and 
brittle. The wheat blooms at the 
end of May or beginning of June ; it 
is generally pulled out by liand by the 
roots when tlie grain is half developed. 
For uprooting the straw, fine continued 
sunny weather is selected, as the rain 
has a very injurious effect upon it, 
often turning it black. When up- 
rooted, the branches are tied together 
in sheaves, each sheaf or Ttiemta is 
spread out in the shape of a fan to dry 
in the sun for 3-5 days, after which it 
is shewed away in barns. The harvest 
being over, and the fields being only 
in stubble, the straw is again spread 
out to catch the heavy summer dews, 
and to bleach in the sun for 4-^6 days, 
but not the whole of the crop at the 
same time for fear of a sudden run. 
Formerly the yellow colour of tiie 
straw was preferred, but now the 
extra white is more sought after. 
Before being ready to be made Uj^jnto 
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braids, hats, and ornaments, the straw i 
has to i)e again bleached, fastened in 
small bundles, and classified. It is { 
then cut close aljovc the first joint I 
from the top, and again tied up in 
small bundles containing about 60 
stalks in each. These small sheaves 
. are then submerged in clear water for 
4 or ^ minutes, and as soon as they 
become partially dried, are submitted 
to the action of burnt sulphur (in the 
proportions of 1 lb. to 100 bundles of 
straw) for three or four nights, in rooms 
adapted for the purpose ; during the 
day the floors of these rooms are left 
open. The classification of the straw 
is made according to length and colour, 
the ear or cud of the stalk having been 
previously cut off ; all the straw below 
the first knot is used simply for forage 
or l)edding, as it is worthless for the 
pur^wBC of making braids or liats. 

Tlie plaiting of straw in England 
was usually done after the Italian 
method.* This consists in first care- 
fully sorting the straws to a like 
colour and thickness, then taking a 
fixed number, usually thirteen, and 
securing them together at one end. 
The straws are then divided into two 
portions, six straws Iwing turned to 
the left side and seven to the right, so 
that the two lots are at right angles to 
one another. The outer, seventh, 
straw on the right is then tunied 
down by finger and thumb and is 
brought under two straws, over two 
then under two, and there are then 
seven straws on the left and six on the 
right. The outer, seventh, straw on 
the left is now turned down and 
passed under two, over two and under 
two again, and so the plaiting is con- 
tinued, alternately doubling and plait- 
ing the outer seventh straw until used 
up. Another straw is then put in under 
the short end, in the middle of the 
plait, and by the crossing of the other 
straws over and under it the fasten- 
ing becomes secure. Fig. 1 58 will give 

• It may be stated here that this is practi- 
cally a dead tndaatry In England, the bulk of 
■I the straw ptatt used coming ready made trom 
Qblna. 


an idea of this plait, while Fig. 1 59 will 
affonl an idea how the edges are joined 
together, the dotted line showing how 
far the edge folds of one piece are 
inserted into those of the other. The 
stout thread that is run through «s 



thus quite invisible and the join can 
only be detected by a slightly increased 
tliickness. 

Plaiting is usually done in the 
spring, chiefly Ifecause the fingers are 
not 80 supple in winter, while in 
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summer they are apt to soil the straw. 
The tarnish of fingers in summer, or 
smoke in winter cannot be cleaned off 
effectively. 

With straw grown in England; if 
fine work is required, the straw must 
be split. The whitest and most regijp 
lar straws are selected, cut to equw 
lengtliB. then bleached (commonly in 
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fumes of sulphur). They are now 
split lehgthways into several pieces. 
This is done by means of a specially 
formed wire wliich is pushed up the | 
straw, this wire having four, six or 
eight sides, the angular edges l)eing 
sharp, so that they cut and (livide the 
straw into four, six or eight strips. 
These strips are softened by soaking 
in water and can then Ix) plaited. 
When sufficient plait is made it is 
pressed by being passed between 
wooden rollers which makes it hard 
and flat. In forming a hat of this 
material, a wooden block is provided 
and the plait is w^ound round ujmhi 
tins, each plait slightly over -lap] >ing 
the other so that they can be sewn 
together. The whole work is after- 
wards pressed with a hot ii'on. 

Pammi Hats . — These are nuvle 
from the plant Carlwlovim pahmta, 
whose leaves are 6-14 ft. high, and 
4 ft. wide. In the Isthmus of Panama 
the plant is called portoriao and jipi- 
japay but the last name is the most 
common, and is diffused all along the 
coast as far as J’eru and Chili ; wliile 
in Ecuador a whole district derives its 
name from it. 

The jipijapa is common in Panama 
and Darien, especially in half shady 
places ; but its geograpliical range is 
by no means confin^ to them. It is 
found all along the western shores of 
New Grenada and Ecuador ; and it has 
been found evenat Salango, where, how- 
ever, it seems to reachits most southern 
limit, thus extending over 12 degrees of 
latitude from the tenth N to the second 
S. The JipijajKi, or Panama hats, are 
principally manufactured in Veraguas 
and Western Panama ; not all, how- 
ever, known in co ininerce by tliat name 
are plaited in the Isthmus ; by far the 
greater proportion is made at Manta, 
Monte Chiisti, and other parts of 
Eguador. The hats are worn almost 
in the whole American continent and 
the West Indies, and are greatly used 
in Europe. They are distinguished 
froUi all oth^ consisting only of 
a sin^e piece, and by their lightness 
and flexibility. They may be rolled 


up and put into the pocket without 
injury. In the rainy season they are 
apt to get Idtick, l)ut by washing them 
w'ith soap and water, besmearing them 
with lime juice or any other acid, and 
exposing them to the sun, their 
w'hiteue.s8 is easily restored. 

The process of making thG.se hats is 
as follows ; The “straw,’' previous to 
plaiting, has to go through several pro- 
ceHse.s. The leaves are gathered before 
they unfold, all their ribs and coarser 
veins are removed, and the rest, with- 
out being 8ej)aratcd from the base of 
the leaf, is reduced to shreds. After 
having been })ut in the sun for a day, 
and tied into a knot, the straw is im- 
mersed in boiling water until it be- 
comes wdiite. It is then hung up 
in a shady place, and subsequently 
bleached for 2-6 days. The straw is 
now ready for use, and in this state is 
sent to different phices, esj>ecially to 
Peru, where the Indians manufacture 
from it beautiful cigar cases, which 
have l)een sometimes sold in Europe 
for G/. ajjicce. The plaiting of tlie 
lials is very troublesome. It com- 
mences at the crown, and finishes at 
the brim. They are made on a block, 
w'hich is placed upon the knees, 
and requires to be constantly jiressed 
with the breast. According to their 
quality, more or less time is occupied 
in their completion ; the coarser ones 
may l»e finished in 2 or 3 days, the 
fine.st take as many months. The 
best times for plaiting are the morning 
hours and the rainy season, when tlie 
air is moist ; in the middle of the 
day and in dry, clear weather, the 
straw is apt to break, which, when the 
hat is finished, is betrayed by knots, 
and much diminishes the value. 

Dyeing Straw. — As a rule, straw 
gooils should be well steeped, and then 
treated with alum, orchil, and indigo 
extract, and yellowed with turmeric. 
The shades most in demand are black, 
brown, and grey. 

BImk (for 25 hats) : Logwood, 4 lb. 
6 oz. ; bruised galls, 17J oz. ; turmeric 
or fustic, 4J oz. Boil for 2 hours, 
and then steep in a beck of blac^ 



Steaw Plait and Woven Matting. 265 


liquor (crude iron acetate) at 4” or 
K, ; rinse in several waters, dry, 
an<l rub with a brush of dogs’ grass, to 
bring up the polish. 

(heif . — This sliade can be obtained 
only on very white straws. Steej> in 
a luith of sotla crystals to which a little 
lime water has l)een added, to causti- 
cise the alkali. The pui-pose of this 
washing is to remove all traces of sul- 
phur from tljc straw. For hats, 
take : Alum, 4 lb. oz. ; tartaric acid, 
oz. Add ammoniacal cochineal ami 
indigo extract accijrding to the shade 
desired. Dy making the one or the 
other of these wares predominate is 
obtained a rellection more bluish or 
reddish, a little sulphuric acid is added 
to the beck, to neutralise the alkalinity 
of the ammoniiical cochineal. The 
hats are }>oiled in the dye for about an 
hour, and rinsed in water slightly 
acidifietl. 

Maroon (25 hats) : C round sjwiders, 
1 lb. 10 oz. ; turmeric, ground, 2 lb, 
3 oz. ; bruised galls, 7 oz. ; rasped 
logwood, 21 J oz. Boil in a kettle so 
roomy that the hats may not 
bruised, liinse. Steef) oveniight in 
black liijuorat 3*^11., and rinse in several 
waters. I'o {)roduce a d(*e}»er black, 
return to the first beck, which is 


strengthened by an addition of sanders 
and logwood. Polish as for black. 


Hamm . — This shmle licing a degra- 
dation of maroon, may lie obtained by 
the same process, rcilucing the propor- 
tions by J or and omitting steeping 
in black liquor. The hat,s may be 
soaked for a night lieforc dyeing in 4 J- 
t)J lb. of alum. (‘Mon. de Teint. ) 
in order to obtain a level blat^k 
colour, a solution of gluten is added to 
a lye of soda, which is allowed to stand 
for 24 hours, and filtered. The liats 
are then steeped for 12 hours in the 
clear liquid. The straw is thus freed 
from grease, and the mordants of 
nitrate, sulphate, or acetate of iron, 
as well as the decoction of logwood 
thixed with sumac or galls, is very 
evenljr taken up by the fibre. A slight 
addition of pot^h bicliromato im- 
proves the tone of the dye, and the 


goods are finished with gum or gela- 
tine. (‘Baden Gewerliezeit.’) 

Woven Matting. — Russian Mat- 
tiwj . — Mats of lime (linden) bast form 
in Russia the object of a considerable 
trade. In the months of May ^id 
June, when the rising sap renders it 
easy to jieel off the liark, the peasants 
go out to the forest for this purpose, 
with their wives and children. The 
lower ])art of the bark is usually em- 
ployed for niofing, I>cing first warmed 
and jircssed so that it may not roll up ; 
they get in this way pieces .5 ft. long 
and ft. wide, costing 4(/. each. 
The birk from the upper part of the 
stem and the brancJies is tied up in 
bundles, which are laid in water, where 
they are allowed to macerate till Sep- 
tember. 

They are afterwards dried in artifi- 
cial heat, and divided into thin fine 
strips, wliich ait? woven into mats of 
different strengths, according to the 
various purposes for wliich they arc 
to l)e used. They weigh 2-7 lb. eatdi. 
The heaviest, and strongest, are sold at 
the market of Nisehni-Novgoroil. 

Chinese Matting.— The United 
States Consul at Canton lejKirts that 
the manufacture of matting is exten- 
sively carried on in China, especially 
towards the south, where it is one of 
the most inqwtant industries engaged 
in. Enormous ijuantities of matting 
arc mmle both for export and home 
use, much liciiig used ns sails on the 
native sailing craft, as it is cheaper, if 
not more durable, tlian the ordinary 
canvas or sail-cloth. It is also used 
as coverings for boxes and packages in 
which tea, sugar, cassia, etc., are ex- 
porteil ; also in making money bags, 
it Ixiing a very convenient mode of 
liandling dolhu s.cspecially when broken 
up into small pieces by the constuit 
stamping or “ chopping of the dollars, 
as is the custom in China. The plant 
from which the mat sails, etc., so 
extensively used in Cliina, is obtained, 
is known as “aquatic grass," also aS' 
“rush." It is cultivated in the Shui- 
liing department on the West River, 
about 75 miles in the interior from 
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Canton, is grown in the same way 
as rice, in^elds flooded with water. It 
requires very little care in its cultiva- 
tion, as it propagates itself by shoots 
from the root, and attains a height of 
6-8* ft. It is brought to market in 
bundles of about 12 in. in diameter, 
and if of proper length and good qua- 
lity, sells at about lOrf. jjer bundle, 
each bundle being sufficient to make 

4 bed mats, or 6 such »i8 are used for 
making sails. The district of Tung 
Kuan produces large (quantities of this 
grass, but of a species used almost 
entirely in the manufacture of floor 
matting. It is said to grow better in 
the vicinity of salt water, where the 
water flooding it is somewhat brackish. 
It is planted usually in the month of 
June from slips. These are allowed 
to grow for alxmt 2 months, when they 
are replanted in rows. The soil being 
plentifully manured with bean cake, 
it requires nearly 12 months to mature, 
when it is cut, tlie shoots or straws 
are split with a knife, and, when 
partially dried in the sun, packed in 
bundles,' and manufactured into mat- 
ting at the city of Tung Kuan, or 
brought to Canton, where there are 
several extensive manufactories. When 
brought to the factory, the grass is 
carefully sorted, it is then made into 
bundles of 2-3 in. in diameter, and 
placed in large earthenware jars, hold- 
ing about 10 gal. of water ; it is allowed 
to remain thus in soak for 3 days, 
when it is taken out and dried in the 
sun for a day. If it is to be dyed in 
the oniinary red colour, which has l)een 
for years much in vogue, it is placed 
in jars containing a liquid dye, made 
by soaking red sapan-wood chips in 
water. It remains in these jars for 

5 days, then dried for a day, afterwards 
again immersed in the dye for 3 days, 
when it is usually ready for use. It 
is only within the past 2 or 3 years 
that other colours, such as green, 
yellow, and blue, have been u^ to 
any eitoat* The solution for colouring 
yeUdw is produced from the seeds and 
flowers of a plant eommon to China, 
the hui /4. A yeUow colouring matter 


is also made by boiling, for several 
hours, 25 lb. of the dried flower-buds 
of Sophora Japonica in 100 gal. of 
water, and adding, when cooled, 1 lb. 
alum to each 10 gal. of the solution, 
Green and blue are produced from the 
twigs and leaves of the lamyip, or blue 
plant, which grows in abundance near 
Canton. To the solution thus pro- 
duced a small quantity of chemical dye 
is now usually added. In dyeing these 
colours, the straw is soaked in water 
for 7 days, and then immersed in the 
coloiuing matter for a few hours only, 
the solution being hot. Consul Lincoln 
states that in a recent visit to one of 
the largest manufactories, he found 60 
looms being worke<l, 8 of which were 
large. The large ones are exactly the 
same as the ordinary silk loom, and 
are used in making the very wide, and 
also the damask or carpet patterns. 
The small l(Mjin is composed of 2 up- 
rights, driven into the ground, about 
6 ft. apart, and about 4 ft. in height, 
2 cross-bars fitted into sockets in the 
uprights, one at the top, the other 
about 8 in. from the ground. The 
warps, which arc strings of Cliinese 
hemp, 2^ yd. in _ length, are then 
passed over the upper, and round 
Iwneath the lower cross-bar, through 
the holes in the weaving bar, and, 
being drawn taught, are fastened by 
both ends to a long, thin piece of bam- 
boo, placed parallel with, and just 
below the lower cross-bar. The weaving 
bar, and the most important part of 
the loom, consists of a piece of wood, 
varying in length according to the 
width of the matting required, and 
about 2 in. square ; through this, small 
holes are pierced at different intervals, 
into which the warps are passed ; the 
bar can thus l)e worked up and down 
in the warps by means of handles near 
the extremities — these holes vary in 
distance from each other according to 
the pattern desired— alternately on 
top and bottom. The holes are en- 
larged, or fonned into slots, converg-„ 
ing at the centre of the stick. When 
the warps have been thus arranged, 
and bundles of different coloured 
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Btraw, Bufficiently damp, deposited 
mvir the luoiii, one of the boya raises 
the weaving bar to the top of the 
wari)8, tipping it forward, the slits in 
the bar allowing the alternate warps to 
remain perpendicular, tlie lioles carry- 
ing the others forward, thus 8ej)antting 
them sufticicntly to admit of a single 
stmw being passed between them. 
This is done by a long flat piece of 
bamboo, a notch being cut near the 
end, into which one end of the straw 
is placed, and then used as a shuttle. 
Wiien the bamljoo is withdrawn, the 
weaving l)ar desceinls, carrying the 
straw to the bottom ; the Imr is then 
raised again and tipfxjd down, thus 
cairying the warps l)ackward which 
had just before lieen passed forward, 
the w(jrk «)f the shuttle being re{)eated. 
As the weaving Imr presses the straw 
down, the weaver gives the ends of the 
straw a half- turn round the outside 
warps, the operation l)eing repeated 
until the warps are full, the edges 
trimmed, the warps untied, the mat- 
ting now 2 yd. in length lemoved, and 
a new set of warps put on. The 
matting thus woven is then dried in 
the sun, and over a slow fire. The 
shrinkage consequent on this drying 
is nearly 4 yd. in 40. 'W'hen dried it 
is stretched on a frame and worked 
down tight by hand, then sent to 
the packing-house, where men are 
engaged in Listening the 2 yd. lengths 
together, it requiring 20 lengths to 
make the ordinary roll. The fasten- 
ing together is done by taking the 
projecting ends of the warps of one 
piece, and by means of a large bamlx)o 
needle, jiassing them backwards and 
forwards through the reeds of another 
piece, in fact, sewing them together ; 
each roll of 40 yd. is then carefully 
covered with a coarse, plain, straw mat, 
marked and numbered ready for shij)- 
ment. 

The following remarks by Dr. Hance 
may be taken as supplementcuy to 
^the above. The plant used for sails 
of native craft, or for covering boxes, 
and described in the United States 
Consul’s report as an ‘‘aquatic grass ” 


or “rush,” is a cyperaceoijs plant, 
known to Iwtanists as Lepironia muo- 
ronata. It is recorded as a native of 
the Indian Archipelago, Australia, 
and Madagascar. Of the matting made 
from this plant, Dr. Hance says the 
natural colour is a jiale brown, nor is 
he aware that, it is ever dyed, nor, so 
far as he knows, is it ever exported to 
foreign countries, except, doubtless, 
in the form of bed mats for Chinese 
residing in Australia and California. 
It is certainly remarkable tliat a plant 
of comiaratively limited geographical 
distribution, and in none other appa- 
rently of its native localities turn^ to 
any account, should furnish the raw 
material for a vast manufacturing 
indu.stry, and, perhaps, still more 
strange, that the source of this should ' 
not tefore have been discovered. As 
in the case of llydrhpyrum latifdium^ 
which supplies thousands of tons of a 
favourite vegetable, it shows how 
much we may have still to learn, even 
at the oldest and most fre/juented 
marts of trade, concerning the uses 
to wliich many apparently insignificant 
plants are put. The attention of the 
authorities in our possessions in the 
Straits of Malacca, and of those of 
Netherlands India might be advan- 
tageously directed to encouraging the 
cultivation of this plant, and so de- 
veloping a large and profitable manu- 
facture. 

Reganling the floor matting, which 
forms such an important tr^e with 
America that it ranks in point of value 
about sixth or seventh nf all articles 
shipped to foreign countries from 
Canton, the whole of tliis matting is 
woven from the culms of Cyperus 
Ugetiformis. It does not seem to be 
known what the hui-fa plant is, from 
the flowers and seeds of which a yellow 
dye is prepared, but Dr. Hance is of 
opinion that the la/tn-yip, or blue 
plant, is referable to the natural order 
Acanthaceso. 


->e3fc»«r- 
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Stuffing Box Packing. 

The question of selecting a thorouglily 
reliable stuffing Ik)x |oacking is un- 
doubtedly one of the most iinporbuit 
items in the management of stejim 
plant. So many vaiieties of packing 
are now marketed t,hat the problem 
Incomes bewildering. As a matter of 
fact there are many establislnnents 
where the engineer in charge of the 
steam plant could not give off-hand 
his verdict as to whic:h packing he 
finds most suitable. Othens, again, 
will only have a jwicking compose<l of 
a hard or metallic substance, and 
again, there arc those who prefer a 
soft, fibrous, or rubber mixture. 

Modern steam practice lias relegateil 
to the category of the old fashioned, a 
host of jiackings conq) 08 cd of cotton, 
hemp, asbestos, soft metals, graphite, 
grease, etc., singly or in combination. 
Under cerbiin (iircutnslances, however, 
a number of thesij f)ackings give fairly 
satisfactory results, but the aim of all 
jw-cking exjHwts has Ikjcii to produce a 
material which would la* e(iually effi- 
cient whotlier employed on steam^ I 
hydraulic or other plant. I 

The action of high steam pressure j 
and superheated stejim on the majority , 
of soft packings results in these latter | 
rapidly becoming hard and ilry, in 
consequence of which it is practically i 
im|wssible to keej) the rod tight. In ■ 
such cases the renewal of packings ' 
becomes not only a fretiueiit and 
troublesome, but also an expensive 
ofieration. j 

Metallic packings have remedied a ' 
number of the deficiencies exj)erien{;ed | 
with soft picking, but not all. This j 
class of packing is generally all right ' 
until it requires tightening up, when, ! 
especially if the rod be worn, trouble ! 
invariably begins. Again, even wlien i 
the packings referred to give fairly 
,satis£wJtory results the rods must be j 
kept lubricated from another suun*. 1 
A later development is the Klinger 
packing'(Fig. 160), hi which the ad van- ' 
tages of metallic and soft packing are ' 


combined, it being principally composed 
of a special ^jacking material of a soft, 
fi brous, self -lul )ricMitive chanic ter, which 
ill aildition, possesses very high heat- 
resisting (jualities ; only a very thin 
ccjver is employed, and that solel}'^ to 
keep the other matei-ial together. 



Fig. ICO 


The surface of the picking, which 
comes into contact with the rod, and 
vvhicl), naturally, is subjected to all 
the wear, is provided witli a metal 
strip having slit ixirfomtions, through 
which, when the stuffing box gland is 
projierly mljusted, just that amount of 
jwicking needful for making a tight 
joint is pressed. This ilevicc is botli 
novel and ingenious, and as a result, 
even with suiierheated steam, a per- 
fectly reliable joint is obtaineil. The 
lubricative character of the picking 
reduces the wear and tear of the rod 
to a- minimum. The expedition with 
which it can he placed in position is 
another of the features of this new 
packing. 

Specimens of the new packing, 
which have been in service for a con- 
siderable jierioil, show muoli less signs 
of deterioration tluin other packings 
which have tlone duty for only tlie 
same period. As a guide to the engi- 
neer, the jiacking is coloured red on 
tliat side on which is the slotted 
metallic strip previously referred to. 
The packing is Wjjuare in section, and 
bulk for bulk — and this in the case of 
packing is an important point — is 
mucli lighter than many packings on 
the market. 

The illustration shows bow the ' 
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various constituents arc arranged, and 
will demonstrate that the makers liave 
given such attention to the subject of 
what retilly constitutes an efficient 
packing that they have discarded prac- 
tically all previously held notions and 
have produced something at once 
original and unujuc. 




Suction-Gas Producer : 

THE WORKING PRINCIPLE OF. 

The first two pages devoted to4»his 
subject contain matter extracted from 
a series of Cantor lectures, delivered 
by Dugald Clerk, M.Inst.C.E., before 
the Royal Society of Arts. 

The suction producer is already well 
establislicd, and many hundreds of in- 
stallations are now at work, and oper- 
ating with great success. In the 
original Dowson pressure producer a 
fire is lit witliin a firebrick casing, and 
a mixture of air and steam is blown 
under the grate and into the fire by 
means of a steam jet from a steam 
boiler, the steam jet iiulucing an 
air current. The air and steam mixed 
jmss through the anthracite and de- 
compose the fuel ; that is to sjiy the 
steam is decomposed and the cfirlwn 
combined with the oxygen of the 
water and the oxygen of tlie air, form- 
ing carlx)nic oxide gas, as represented 
by the formulte — 

C + O = C0. . . . (1) 
and C + lLO = H 2 -fCO . (2) 

Stejim cannot be decomposed with- 
out the addition of heat, but steam in 
the presence of red-hot carbon, or a 
little more than red-hot carbon, will 
decompose, and carbonic oxide and 
hydrogen are obtained, but this action 
al^orlw heat. The combustion of the 
carbon as set out in the first equation 
gives out heat, which is utilised accord- 
ing to the second equation to break up 
the steam. The function of any pro- 
ducer, however, of the pressure or 
suction type is to utilise the heat from 
the combustion as much as possible so 
as to give, instead of the solid cai'bon 
in the anthracite, a mixture of gaseous 
fuel, carbonic oxide, and hydrogen, 
with diluting nitrogen, in order to give 
a fuel suitable for introduction into 
the gas engine or internal combustion* 
cylinder. Theoretically, that trans- 
formation from the solid carbon by 
means of air and steam can be m^e 
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without loss, but practically there is 
always some loss. If it were possible 
just to keep the furnace at the tem- 
perature at which all the heat that 
left the furnace would bo taken up for 
betting the entering steam, it would 
be possible to get a reaction which 
would give a 100 per cent, of the heat 
in the form of cold gaseous fuel ready 
for the gas engine ; but there is always 
a ratio of imperfection or inefficiency, 
and in the pressure producer the usual 
proportion of heat converted into gas 
ready for the engine is about 75 per 
cent, to 80 per cent. ; that is, 100 
heat units given from solid antliracite 
give 75 or 80 units in the form of car- 
bonic oxide and hydrogen in the pres- 
sure plant ; 75 per cent, to 80 per cent, 
is a better result than is obtained in 
most steam lx)ilers ; but in the suction 
gas plant even better results can be 
got. My colleague, Mr. Atlam, made 
a test of a Dowson suction plant some 
month ago, with the object of finding 
out the exact number of heat units of 
the fuel converted into gas, which was 
ready for use in the engine, and he 
found, as the result of nearly a fort- 
night’s testing, that every 100 heat 
units put into the suction producer at 
Dowson’s Works gave out a matter of 
about 90 heat units, in the form of 
gas suitable for use in the engine. In 
the pressure producers a steam boiler 
or a blower has to be used, and water 
has to be evaporated to go in with the 
air, and to decompose the steam and 
air by means of incandescent fuel. In 
the suction producer all that is done 
away with. The producer is started 
by a small fan worked by hand for 
about ten minutes, the whole of the 
mass of anthracite becoming incandes- 
cent. Water is supplied continuously, 
and is evaporised and drawn in by the 
air passing through the producer. At 
the start the hand fan is blowing gas 
right through the apparatus, and to a 
near the gas engine to moke sure 
that '6ie is getting a proper ^ 
suppfy. I^en the gas becomes rich 
enough, the fan is stopped, and the 
engine is started in any usual way, and 


then begins to draw gas through the 
producer in exactly the quantity re- 
tjuired for its openitiou, no fans or 
blower being re<]uired. The mixture 
of steam and air sucked in through the 
producer gives carlwnic oxide, hydrogen 
and a little light hydrocarbon. The 
gas formed, with nitrogen from the 
air, goes to the scrubber, Avhere it 
passes through coke over which a con- 
stant stream of water is pumped. The 
gas [jasses through a little sawdust to 
take any final tar out before it reaches 
the engine. This arrangement is found 
to be exceedingly effective, and it is 
coming into use very largely all over 
the world, because it has a very high 
efficiency, and there is no danger at- 
tached to it. There is no danger of 
fwisonous or inllammable gas. The 
gas in the producer is in the pipes, 
and always at a pressure a little below 
atmosphere, becaus(i it is being sucked 
into the engine by the motion of the 
engine itself, giving an extremely 
handy and simple producer in a form 
that anyone can work, however un- 
skilled. The producer may placed 
in comparatively conlined spaces, and 
without any danger of gas poisoning, 
which was one of the dangers of pres- 
sure producers, and, C/Onsequently, all 
over the world these suction producers 
are coming into use. Taking the 
ordinary price of anthracite delivered 
— ^in the tests which Mr. Adam made 
it was 24«. a ton — ^and taking a National 
engine of 40 horse-power, the price 
works out for 1 horse-power hour at 
rather under one-ninth of a penny. 
That is an exceedingly economical re- 
sult, which practically no steam engine 
with anytliing like the same dimen- 
sions can attain. Speaking now of 
the future, although many of these 
producers are working at the present 
time, yet the future development is 
likely to be enormous ; the competition 
with coal gas will be very keen ; and 
the competition with other kinds of 
power will also be very great. 

A very great point about the subtion 
producer, in addition to its being a 
motive power much cheaper than can 
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be got with coal gas, is the prissibility 
of its application in many other ways, 
and for many other purposes ; for 
example, for sliips and mt)tor cars. 
There is a large field open to the 
engineer wlio can successfully apply 
suction producers on board ship. I 
may say, of course, that Mr. Dowson 
is the oldest of the jiroducer inventors 
and producer manufacturers, and I 
have given his name the preference ; 
but nearly all engineering firms who 
build engines now, build producers os 
well, so tliat we can have suction pro* 
ducers for practically any purpose. 

The sizes of the suction producers 
in operation at present in Britain vary 
from aliout 5 horse, as the lowest, up 
to about 500 horse, as the highest. 
There are pressure producers also 
using anthracite which go up even as 
high as 3,000 horse, not in one unit, 
of course, but in several units. With- 
out doubt the suction producer offers 
very serious rivalry indeed to coal gas, 
and to compete with it on equal terms ; 
the ordinary coal gas would require to 
be delivered to the consumer at about 
9(i. per 1,000 cubic feet. 

Many attempts have been made to 
utilise cheap bituminous fuel for pro- 
ducers, but so far the early commercial 
stage only has been reached. Com- 
mercial success here will come in the 
near future, owing to the great further 
reduction in the price of fuel for gas. 
In the present suction producers the 
fuel UB^ is anthracite, and antliracite 
in London, and wherever there is much 
carriage, comes to about 24». a ton. 
If one could use ordinary engine slack, 
which can be got at most places at 
10«. or 12«. a ton, or even less, one 
would have a corresponding reduction 
in the cost of motive power, and in- 
stead of coming out at a ninth of a 
penny, the cost might run down to as 
low as a twentieth of a penny.* 
Messrs. Crossley have recently pro- 
duced a bituminous producer widch 


• Scotch anthracite can be delivered at 
Glasgow at 158. per ton, so that in Scotland 
^ power may be obtained at a cost of about ^th 
* of a penny per bweepower-hoar. 


I have seen at work, and it was work- 
ing very well indeed. It is rather 
larger and has more plant about it 
than an antliracite producer, but still 
the fuel is so cheap that no doubt it 
is worth a great effort to get some- 
thing of that kind. Other attempts 
have been made, and I wish to dis- 
tinguish between the two classes of 
those attempts. There is not much 
difficulty in making producer-gas for 
gas engines from bituminous fuel, if 
you are content to put up a laiige 
scrubbing plant such as is used with 
the Mond producers, and such as is 
used in a gas works ; but people using 
steam boilers are accustomed to see a 
very large generation of power in a 
very small boiler space, and they do 
not look upon the large costly plants 
which are used in some places, although 
very useful, as solving this particul^ 
problem of getting a producer that 
will work just like a steam boiler with 
the ordinary fuel. 

The Mond gas differs from ordhary 
producer gas in this : in addition to 
making the gas, the ammonia- that is 
in the coal is saved. Many coals con- 
tain a proportion of nitrogen, and if 
these coals on being decomposed ore 
not heated too highly, ammonia is 
formed and is not decomposed. To 
keep the temperature of the producer 
down sufficiently, the Mond practice 
is to flush tho producer through with 
a very large volume of steam in addi- 
tion to the air — much more steam 
than is wanted for the chemical decom- 
position. «About 2} tons of steam are 
used for every ton of fuel. The inflow 
of steam into the producer has two 
purposes ; the one is that it keeps 
down the temperature and prevents 
the ammonia being lost ; the other is 
that it prevents the formation of 
clinker, and the stopping-up of the 
producer. In this arrangement to 
get tlie ammonia out, it is necessary 
after scrubbing and getting the tar 
out of the gas to scrub the gas in 
great acid towers, making quite a gas 
works installation. Tins does not 
belong to the type with which I con- 
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sider the producer should l)e concerned, 
that is, the type of producer which 
takes the place of a steam boiler, and 
does its work with no more complica- 
tion than the boiler. 

To distribute the Moiid gas, it is 
necessary to {)ut it under some pres- 
sure, because the volume required is 
so very great. The cjilorilic value is 
only about one-fourtli or one-fifth that 


made recently at this establishment 
in which air was delivered along a 
main five miles long from these com- 
pressors at the rate of one and a-half 
million cub. ft. per hour. If that 
were pumping gas, this rate would be 
fully equal to about 1.5,000 horse per 
hour. This rate of delivery was at- 
ttiined with a }irc8sure of 10 lb. per 
square inch at the central station, so 
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of ordinary coal-gas. The consequence 
is that to distribute this gas over 
lafge areas it is necessaiy to put it 
under very much heavier pressure than 
is hsed with doal-gas. The installation 
is liierrfhre provided with a compres- 
sing hqime, intended to compress the 
gas for deliveiy in the mains. Mr. 
Humphrey states that a test was 


that it is thought tliat ample pumping 
plant and ample pipe accommodation 
have been provided to take the enor- 
mous volumes of gas necessary in this 
system. It will be very interesting 
indeed when this installation starts. 
It is one of the largest and most imv 
portant experiments in progress in 
the world, and all engineers look with 
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interest upon it, and wish it every i r^ulating the feed drip cock. The 
possible success. I heat of the gases is again utilised out- 

The Royal Agricultural Society of | side the generator by placing concen- 
England decided to offer, at its l^rby ! trie water tubes within the gas pipe, 
show, 1906, a first prize (gold medal), j Cold water is fed to the inner tube to 
and a second prize (silver medal), for j within a few inches of the botthm^of 
suction-gas plants working under prac- i enclosing tube. The water, becoming 
tical conditions with engines attached, j heated as it passes up the outer space 
and, needless to say, the trial was a : between the inner tube and the gases, 
very exhaustive one and based on the rises to a point sufficiently above the 
fairest possible conditions. The Dow- , adjacent generator to cause it to be 
son producer (of their latest design) i deposited at the uppermost portion 
did not succeed in gaining the ^t ] of the spiral rib already referred to. 
prize, but as sbited in Th£ Qm ani The sensible heat of the gases is also 
(ItZ AVi^iwc Arcorci, the producer (which j utilised to heat the air supply by 
is here illustrated in section. Fig. 161) | means of an outer jacket, the gas pipe 
responded to all degrees of load. The being equipped with baffles to cause 
engine was e.xactly similar to that ^ the air to come into intimate contact 
exhibited by the National Gas Engine | with hot surfaces of metal. In this 
Co., with the exception that the com- highly-heated condition the air is able 
pression pressure was 15 lb. per sq. . to alMorb much more moisture than 
in. lower, being only 135 as compared when at atmospheric temperatures,^ 
with 160. The combination ran re- and it is straightway led into the 
markably well, and there is little vaporising chamber at the top of the 
doubt that the performances, although generator, where it mixes with the 
not gaining an award, were excellent, steam and from which it is drawn* by 
The producer that gained the gold the suction of the engine through an 
medal was that made by the National external pipe connection to the space 
Gas Engine Co. This is illustrated at below the fire bars. In operation the 
Fig. 162. The producer, however, is | external pipe is very sensibly hot, and 
entirely dissimilar from the Dowson ' this sufficiently demonstrates the effi- 
generator, as may be seen from the - cacy of the steam-raising and air-heat- 
accompanying illustration, and is un- | ing devices. The amount of steam 
like any other producer now upon the ^ generated is always under the control 
market in many ways. The generator, | of the attendant, and even under tjie 
with its lining, fire-doors, and fuel i severe test involved in the application 
valves have no uncommon features, of full load suddenly, after a two 
but the methods employed for heating hours run “ light," this producer was 
the air and generation of steam are one of the few that responded without 
very effective. Advantage is taken of difficulty. 

the maximum temperature of the es- The ** Crossley " plant succeeded 
capmg gases from the fuel bed for in gaining the silver medal, this pro- 
raising steam before any nuliation loss ducer being illustrated at Fig. 163. 
is possible, by arranging a steady This consists of a cylindrical firabrick- 
stream of previously heati^ water to lined chamber, separated from the 
drip from a number of circumferential outside metal skin by a coating of 
ribs, gradually increasing in width, sand. The firebrick lining rests on a 
cast round the exterior of the chamber metal ring supported on two cast-iron 
enclosii^ the gas space above the fuel, s^mental-shaped boxes termed “super- 
There is no great absorption of heat heaters," placed at the hottest port of , 
by a large quantity of water com- the fire and mounted on a flat plate 
monlypla^ in a similar position, but carried right across the producer. This 
the stram is quickly and effectively plate has a hole in the centre in whudi 
generated in any desired quantity by rest the bars of the firegrate. In this 
4 T 
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way a pit is formed immediately below 
the firegrate, and in this pit the steam 
and air used in the gas-makmg process 
mix before passing together through 
the fire. On the top of the producer 


into the bottom of this well and fills 
the rest of the saturator to a level 
defined by an overflow pipe. The 
saturator is sliapcd like a flat dish 
extending to the outside shell of the 
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will be noticed a feedi^ hopper, 
vdiich the fuel is introduced. 
Aro^dthe^lindrical ‘‘bell, ’’defining 
the ^Bpth 01. fuel in the producer, is 
forooed the “ircdl'* of the saturator 
or boiler. Gold water ia introduced 


producer. This dish has a series of 
baffle plates on its under surface which 
form passages through which the, hot 
gas has to pass, giving Up its heat to ^ 
the water before going to the boke* 
scrubbers to be clewed. Twq yerdcal 
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Bteam-pipes form the connection be- 
tween the saturator and superheaters. 

Producer gas is obtained by passing 
air and steam through incandescent 
fuel. Two simple reactions take place, 
expressed by : — 

,C -b 0, = ,C0 
C -f HjO = CO -b 

That is to say, the oxygen of the air 
combines with the carbon of the fuel 


the requisite steam is raised in the 
saturator mentioned above by extract- 
ing the heat of the gas as it passes 
from the fire. All such plants to be 
economical must work on the “re- 
generative ” principle. The older fbria 
of producer, in which even for small 
sizes a steam boiler was required, 
cooled the gas before sending it to the 
engine, by passing it through the at- 
mospheric coolers, or, in other words, 
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to form carbon monoxide, and the 
steam together with more carbon forms 
more of the monoxide and free hydro- 
gen. In addition to this, a certain 
amount of marsh gas, CH^ and carbon 
dioxide, CO^, ore formed, so that the 
ultimate composition of the gas is - 
combustibles GO, H,, and CH 4 , di- 
luted with the non-combustibles CO. 
andN,. 

In f^e suction plant, here descril^. 


, coal was first burned under a boiler to 
add heat that was finally wasted. The 
forward motion of the piston of the 
engine draws the air and steam through 
the producer. This does away with 
; the necessity of a fan to force air 
j through the fire, and has this further 
I advantage that when the engine 
I governor cuts out the charge no gas is 
made and no coal is burned in the pro- 
ducer. A great difficulty met with in 
T 2 
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designing suction gas plants was to ob- | With anthracite at 21.?. 4d. the cost 
tain a uniform quality of gas with | of fuel per B.H.P. is one-tenth of a 
varying loads. When the engine penny per hour. At full load on the 
governor cut out a number of charges engine the producer will not consume 
steam continued to be raised ; this more tlian seven-eighths of a pound 
filled the steam spaces, and the subse- per B.H.P. per hour. A gas engine 
quent charge was exceedingly inflam- combined with dynamo running from 
mable. It moreover cooled the fire in a auction plant forma a very convenient 
its production, with the result that set for eletdric light work. With such 
aftei’ the temporary richness bad passed a combination the kilowatt can be ob- 
off, the gaa produced at a lower tern- tained for very little over one pound 
jieraturo was of poorer quality. Tliis of coal per hour, 
difficulty is got over by having one or In Fig. 163 the coke scrublier ordi- 
more cocks opening from the air space narily used is not shown, 
above the water in the saturator into | As already stated, the number of 
the open air. Through these openings diflerent producer plants on the 



the steam escapes at light loads, This 
is part of an important patent for the 
regulation of gas producers. 

This producer has the grate with 
the pit below it. By this means any 
clinker forms in a flat cake over the 
grate and can readily be removed 
through the fire-doors. In addition to 
this, means are provided by which 
clinkers can be removed from the 
bottom of the fire-brick lining, should 
4t form there, and the clinker immedi- 
above the grate be broken up 
whue the plfnt is at work. This en- 
sures succesirfol working, even with 
anthracite coal not of the best quality. 


market is already very large, many 
more than could be embra^ in an 
article such as this, therefore a final 
descriptive example may be given in 
“Tangye’s" producer, Kg. 164. 

The method of working the producer 
plant is as follows r — 

After lighting the fire on the fire 
bars, the generator is filled with fuel 
through the charging hopper, during 
which operation the sms^ air fan is 
kept in motion until the fuel in the 
generator has become incandescent, 
I which takes from fifteen to about 
{ twenty minutes (according to the size 
' of the plant) starting from cold. 
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During this operation, the cock on the 
blow-off pipe is open, to allow the 
waste products to escape into the 
atmosphere. 

The generator now being ready to 
supply gas, the engine is stalled in the 
usual manner, the suction “pull" 
from the engine causing the following 
action to take place ; — 

Air is drawn through the bend on 
the top of the vapour chamber, across 
the heated water in same, where it 
takes up, and iMJComes chargetl with, 
steam or vapour produced by the heat 
of the gases, etc., inside the generator. 

The mixture of air and steam or 
vapour then passes down the air and 
steam pipe on its way to the bottom 
of the generator, and on, up through 
the fire bars and incandescent fuel, 
where it is decomposed ; ultimately 
arriving at the outlet from the gene- 
rator as a gas liaving a composition and 
heat value such as characterise what is 
generally known as producer gas (jjaz 
pauvre). 

The gas then passes by means of the 
connecting pipe to the coke scrubljer, 
where it is cleaned and cooled, and so 
on to the expansion chamljer, which 
serves to lessen the “pull” from the 
engine upon the flow of the air and 
steam through the incandescent fuel 
in the generator, and thus to produce 
an even quality of gas. 

The vapour chamber is kept nearly 
full of water ly means of supply and 
overflow pipes. The overflow is carried 
down and runs into the bottom of the 
generator, where it gives off additional 
steam or vapour produced by heat 
radiated from the hot fuel, and also 
from the hot ashes falling into the 
water. Any excess of water is 
carried away, by means of a pipe and 
■bend, to a small bosh, and forms a 
seal. 

The coke in the scrubber is kept 
moist and the gas cooled by running 
water tlurough it — the waste water 
flowing through a self-sealing pipe into 
a bosh, from which it runs away to any 
convenient drain. 

The lower end of the connecting pipe 


near where it is fixed to the coke 
scrubber, forms a regulating water- 
seal box, and is brought into use, for 
the purpose of preventing diffusion of 
the gases from the scrubter, when tl^e 
plant is shut down. 

All fiassages and pipes have a large 
sectional area, thereby reducing the 
resistance to the flow of the gases to a 
minimum, and ensuring high efficiency 
when working. 

The coke scrubber should be of am- 
ple dimensiouH, a very important 
factor if inferior anthracite beans be 
used. 

Fuels. — ^Thc most suitable fuel to 
be employed in the “ Suction ” gas- 
producer is Welsh anthracite beans, 
which is recommended on account of its 
cleanliness in use and freedom from 
tarry matter, and the generator is de- 
signed for the use of tffis fuel. There 
are, however, other fuels which may 
be utilised in the “Suction" gas 
plant if suitable arrangements be pro- 
vided for detding with the same. 

Among these may be mentioned 
Scotch anthracite, which^ although 
containing a larger proportion of ashes 
and tarry matter, and recfhiring a little 
more attention in working, are obtain- 
able at very reasonable prices, and give 
results which are remarkable in their 
economy. The producer is well 
adapted for the use of this poorer qual- 
ity fuel, and provision is made for 
separating the tar before the gas enters 
the cylinder of the engine. 

Qas coke may be utilised as fuel 
with satisfactory results, but it must 
be of a well carbonised quality, washed 
and broken into pieces of about J in. 
to in. diameter. 

The “Suction" plant may also be 
modified to use wo^ charcoal. This 
material yields gas equal to that from 
Welsh anthracite. The charcoal must 
be in pieces like twigs (about in. dia. 
and 2 in. to 3 in. long) thoroughly 
charred, so as to contain no tarry matter 
and free from dust. 

When the plant is required for fuel 
other than best Welsh anthracite, 
this fact must be stated when enquir- 
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ing or ordering, and full particulars of 
the fuel should be given, together with 
an analysis if possible, as in many 
cases it is necessary to modify the 
generator, and provide a special scrub- 
ber arrangement, etc. 

Suction Producers for more 
than One Engine.— Occasionally 
some little trouble has been experi- 
enced in starting up more than one 
gas engine from a suction gas plant. 
Usually, however, it is due to a 
defective system of connecting pipes. 
In one instance, the plant Was of 
100 h. p. capacity. No. 1 engine 
was of 35 b. h. p. output, and drew 
its gas through an expansion box 
18 in. diameter and 18 in. deep, con- 
necting by means of 4-m, diameter 
pipe with a 6-in. T and 4-in. side 
branch. The No. 2 engine was 80 
b. h. p. output, and drew its gas fyom 
an expansion Irax 24 in. diameter and 
24 in. deep, connecting with the main 
6*in. pipe. Either of the engines 
would start up easily, but when the 
second was tried the trouble began. 
The engine that was at full speed 
robbed the one that was just starting, 
and the gal^ between the expansion 
boxes first fed one and then allowed 
the other engine to liave a nibble, with 
the consequence that both were sWved 
and came to a standstill. 

The only way to get the second 
engine to start up was to let the first 
pull round the second by means of a 
convenient main-shaft. When both 
had attained full speed the gas supply 
became more continuous, and served 
both engines without further trouble. 
In another installation a large engine 
is connected up close to a suction 
plant, and a second (smaller) engine is 
more than 50 yd. away. Here, E^ain, 
some difficulty was experienced, but 
the provision of a light non-return 
valve at the junction of the smaller 
s^ce pipe hw prevented any further 
4rauUe. A successful arrangement 
<k p^ng to berve two engines was 
earned' out in another plant. In tliis 
mstance No. 1 engine is one of 45 b. h.p. 
and No. 2 of 90 b. h. p. The first 


draws from an expansion chamber of 
30 in. diameter and 60 in. long through 
a 3J-in branch pipe. The second 
engine draws from a second expansion 
chamber of 25 in. diameter and 60 in. 
long through a 6-in. diameter pipe. 
Another installation is successfully in 
operation where the second engine is 
many yards away from the first, and 
in tffis case a separate service pipe is 
taken direct from the scrubber. 

Six of the foregoing illustrations and 
much of the matter are reproduced by 
permission of The Gas emd Oil Engine 
Record^ this journal dealing exhaus- 
tively witli the subject. 
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Sulphuric Acid. 

' (a) THls^Bubfitance, also known as 
oil of vitriol, is very largely used for 
many purposes in the arts and manu- 
factures. It is a highly corrosive sub- 
stance, though not to lead or glass. 
It combines with many known mate- 
rials to form sulphates such as alum, j 
plaster of Paris, etc. ! 

The production of sulphuric acid ' 
requires a considerable outlay in plant, 
besides the employment of skilled 
labour. Either sulphur is use<l in the , 
form of commercial brimstone, or iron : 
pyrites (sulphide of iron) may be em- 
ployed, though in the latter case 
suitable kilns must bo provided to 
burn them either as lump ore or an 
dust ore, whichever can be obtoined 
easily or chwiply. 

The true sulphuric acid is a dry 
substance in the form of beautiful j 
white needles, and is then termed an- 
hydrous sulphuric acid, or sulphuric 
anhydride, its formula being (SO3). 
Its affinity for water is so great, and 
the action when the two meet in any 
volume so rapid, that a hissing like , 
red hot iron plunged in water occurs. I 
The sulphuric Jicid of commerce, or | 
oil of vitriol, is the pure material with 
water, forming an oily liquid, the 
formula then l)oiug (SOjlljO). It 
boils at 6‘20'r)°F. (327'’C.), and has 
a specific gravity of 1’84. It should 
be colourless, but the ordinary com- 
mercial quality is straw colour. A j 
noticeable feature is its extraordinary , 
affinity for water, absorbing water | 
rapidly from the air, and oven from ■ 
wood, sugar, etc., in which the water ' 
may be supposed not to exist ready 
form^ but only in its elements. It 
. actually causes the elements of water 
to unite and then withdraws them, 
liberating the carbon. It is of great 
value in the labomtory as a desiccating 
agent for gases. If sulphuric acid is 
, mixed with water, suddenly and in 
suitable quantity, the rise in tempem- 
ture is so great as to bring the water 
to or very near boiling point. The 


corrosive action of this acid is so strong 
that a little left on almost any oiganic 
compound (not omitting the human 
body) carljonises or clwrs it. The 
liquid sulphuric acid will dissolve the 
dry (anhydrous) acid, forming “fum- 
ing ” sulphuric acid. 

The process of manufacture is briefly 
as follows ; The sulphur or the pyrites 
is burned in suitably constructed 
furnaces, which produces sulphurous 
acid together with nitrt)gen and excess 
of air, the latter of which should be 
as small as possible, as too great an 
excess servos no good end. These 
vapours or gaseous products are caused 
to piiss into a chamber made of or 
lin^ with lead (the joints being 
burned, not soldered). These cham- 
bers sometimes have a capacity of 
100,000 cub. ft. On the way to this 
chamber the sulphurous acid is caused 
to take up a small volume of nitric 
peroxide (NOj), nitrate of soda being 
used for this purpose, tliis being some- 
times burned with the sulphur or 
I pyrites. As these enter the lead 
chamber steam is admitted, and a 
re»K!tion takes place between the sul- 
phurous acid and the niOHc peroxide, 
by which the latter is reduced to nitric 
oxide (NO), and the sulphurous acid 
is oxidised to sulphuric acid and unites 
with the watery vapour. The reaction 
may be expressed thus — N Oj + SO, 
+ HnO = HjSO* + NO. As soon as 
nitric oxide is formed it absorbs oxygen 
from whatever air is present and be- 
comes nitric peroxide again, which im- 
mediately contributes its additional 
atom of oxygen to another portion of 
sulphurous acid, and so on, so tliat a 
small proportion of nitric peroxide 
oxidises an almost indefinite quantity 
of sulphurous acid, as it acts merely 
as a carrier of oxygen. 

The liquid substonce that condenses 
on the walls and floor of the cliamber 
is sulphuric acid and is drawn off, but 
it is not strong enough. It is concen- 
tratetl by evaporation until it has a 
specific gravity of 1*70, It is then 
put into a still made of glass or plati- 
num, and boiled until it has its proper 



280 


Sulphuric Acid. 


specific gravity of 1 • 84 and, when cool, 
is then ready to be filled into carboys 
for transport. 

(6) The term Oil of Vitriol was 
doubtless obtained by the use of iron 
pyrites (sulphate of iron), wliich is 
commonly known as “green vitriol.” 
A simple method of preparing a small 
quantity is to boil sulphur in nitric 
acid or in acjua-rcgia ; the oxidation of 
the sulphur by this means will prt>- 
duce sulphuric acid. A process 
adapteil at Nordhausen (Germany) for 
the pnKluction of commercial sul- 
phuric acid, and which is generally 
distinguished as Nordhausen acid, is 
t<i distil pyrites in ejirthenware retorts, 
the vapour being caused to pass into a 
receiver containing a little ordinary 
sulphuric acid. This makes a brown, 
fuming oily acid of a little greater 
strength, its specific gravity being 
1*9. 

(c) When sulphur (brimstone) is 
used it is ignited and burnt in a conical 
oven of brickwork. Pyrites are 
roasted in arched furnaces. To pro- 
vide the nitric peroxide required (as 
mentioned in a) nitrate of soda (or 
potash) is put with some sulphuric 
acid in a pot, known Jis the nitre iH)t, 
this being placed justabove the burning 
sulphur. The proportions are above 

lb. of nitrate of soda with about 
1 J lb. of sulphuric acid to each J cwt. 
of sulphur. The nitre in the pot is 
decomposed, producing fumes which 
pass along with the sulphuric acid. 

(d) Sulphuric acid may be filtered 
through glass-wool (slag-wool) but as 
it is an oily liquid the wool must not 
be packed tight. Instead of filtering 
it may be found that leaving the acid 
at rest for a time will cause all the 
suspended matter to settle after which 
the clear might be syphoned out. A 
glass or lead syphon would be r^uired, 
'this being first filled with acid, then 

sbprt arm gently lowered until just 
the deposit. 

- (e)^ ‘Sulphuric acid when kept in 
glass l)ottles should not be corked up, 
as the oork wHl be attacked and in 
time the acid will become black. 


Such acid is quite serviceable for pur- 
poses in which the colour (due to or- 
ganic substance) does not matter, such 
as the charging of electric batteries, 
etc., but to keep the acid clear bottles 
should have glass stoppers, ground in. 

(/) Tanks for sulphuric acid may 
have tlieir outer structure ef wood or 
iron, but they must Ikj lined with lead. 
Such lining must either he in one i)ioce 
or it may be of sheets joined with 
molten l«id, or have the joints made bj 
lead burning (the edges Infing fused by 
a blowpipe hydrogen flame). Solder 
will not stanil. It is ]:)ossible to make 
a stone tank of 2 in. of York-stone 
flags, the joints Injing inside by sinking 
the edges of the stone into grooves 
cut to receive them, sheet rublior 
being put in the grooves as a jointing 
material. When in position the parts 
are tightened up by iron bauds and 
tie bolts. 



SuH Dials. 


Sun Dials. 

Horizontal Sun Dial.— («) To 

set out a horizontal dial first draw two 
lines parallel to each other, as shown at 
A and B„Fig. 16.5, the distance apart 
to be just the thickness of the upright j 
style or gnouieii which stands here, j 
The distance, i.e. the thickness of the 1 
style, will proliably be alxmt A- in. , 
Next draw a line at right angles to , 
these, riglit across the dial, tliis being j 
called the 6 o’clock line, one cud I 



marking G a.m., the other 6 p.m. 
This line comes acro.s8 the sloping foot 
of the style as shown. (It may be 
noted that the triangular style is here 
shown lying flat on the dial. It, of 
course, stands perfectly upright, and 
the reason for showing it flat will l»e 
explained directly). Then with A and 
B as centres, draw quadrants (quarters) 
of circles and divide eacli into ninety 
degrees. Now, assuming the dial to 
be for the latitude of London, lay a 
rule over B and draw the first line 
through 11| degrees, the second 
through 24 J, third fourth 63 J, 


fifth 71d|f. Do the other side the 
same. Extend the afternoon hour 
lines of 4 and 5 across the dial and 
these will make the morning hours ; 
while the morning hours of 8 and 7 
prolonged in the same way, will give 
similar evening hours. 

To form the style or gnomen draw a 
rsulial line through that degree of the 
I qufulrant wliich corresponds to the 
1 latitude (London = Tliis will 

, show the elevation of the style. The 
, method of doing this is shown in the 
j illustration, the style being shown 
I lying flat on the dial, its angle being 
.5H° with its base where it 
rests on the dial. When the 
style is miule fix it perfectly 
upright lietw'eeu the lines 
AB. 

The foregoing refers to a 
horizonbd dial, but can be 
mtule to serve for a vertical 
dial, fixed facing due south, 
by making the style to an 
angle which is the comple- 
ment of the latitude of the 
place ; thus for London, 
which is .51|'^, it would be 
90^^^ - 51 f = 38 In other 
words a horizontal dial pre- 
pired for London will be 
suited as a vertical dial 
(facing south) in any town 
or place at the latitude of 
33^^, while a horizontal one 
prepared for 38^° latitude, 
will do as a vertical dial in 
the latitude of 51 

I Dials for the south of the equator' 
I must Ixj figured the reverse way to 
I thofee set up for northern latitudes, i.e. 

I the morning and afternoon hours 
• changing sides. 

j A circular sun-dial may be regarded 
I as a circle round the earth, or as the 
[ etlge of a disc which passes through 
I ' the centre of the earth from the spot 
i where the dial is fixed. The letters 
• j a, h, c, d, f, /, f/, etc. (Fig. 166) are 
, longitudinal ciixiles, representing the 
I hours ; B the sjiot where the dial is 
[ situat^, I) the corresponding latitude, 

, Pji the poles, and E the centre of the 
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earth. A dial prepared for any par- (6) Square dials are made by simply 
ticular latitude is useless for another extending the hour lines that are sot 
latitude, except that a horizontal dial out as for a circular dial. ' 

might be used for a vertical one for a (c) The most satisfactory way to 



Fig. 166. 


latitude which is the complement of divide a sun dial is to calculate the 
the first one as already explained, angle thit eiujh hour-lino makes with 
(F. T. Britten’s ‘ Watch and Clock- the XU o’clock line by, for a horizon- 
maker’s Handbook.’) ' tal dial, the formula) : — Tan. of hour- 


Table I.*— Table of Chords and Co-Chords of Hottr-Lines op Horizontal 
Sun Dial for each Degree of Latitude from 50^ to G0° inclusive. 



11 am. and 

Ip.m. 

lOam.and 

2 p.m. 

9 a.m. and 3 p.m. 

8 a.m. and 4 p.m. 

7 

a.m. and 5 p.m. 

Lst. 

ch^. 

a-’'"- ch^. 

, Chord. 

Co- 

chord. 

Chord. 

Co-’ 

chord. 

Chord. 

Co- 

chord. 

50° 

•2021 1 

2641 

•41331 

0912 

•6421 

•88.53 

•8923 

•6347 

1 

1574 

•3349 

51 

•20491 

2619 

•41861 

•0868 

•6486 

•8790 

•8985 

•6281 

1 

1610 

•3305 

52 

•20771 

2597 

•42371 

0825 

•6.550 

•8729 

•9044 

•6218 

1 

1645 

•3263 

53 

•21041 

2576 

•42871 

0782 

•6612 

•8671 

•9101 

•6158 

1 

1678 

•3223 

54 

•21311 

2655 

•43351 

•0741 

•6672 

•8614 

•9155 

•6099 

1 

1709 

•3185 

5^ 

•21581 

2535 

•43821 

0700 

•6729 

•8.5.58 

•9208 

•6043 

1 

1740 

•8148 

56 

•21821 

2515 

•44271 

0(>61 

•6784 

•8.505 

•9257 

•.5990 

1 

1768 

•3114 

61 

•22061 

2496 

•4471 1 

06‘22 

•6838 

•81,54 

•9305 

-.5938 

1 

1795 

•3080 

66' 

•^301 

2477 

•45141 

0585 

•6890 

•8105 

•9351 

-.5889 

1 

1821 

-.3048 

50 

•22631 

•2469 

•45551 

•0549 

•0939 

•8357 

•9395 

-.5842 

1 

•1846 

•3018 

60 

•22761 

•2441 

•45951 

•0514 

•6986 

•8311 

•9437! 

1 

•5796 

1 

•1B69 

•2989 
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Table II.—Table op Chords and Co-Chords for Angles 50® to 60°. 



Chord. 

Co-chord. 


Chord. 

Co-chord. 

60° . 

. . *8452 

. *6840 

56° . 

. . *9389 . 

. *5847 

51 . 

. . *8610 

. *6676 

67 . 

. . *9.543 . 

. *5680 

62 

. . -8767 

. *6511 

68 . 

. . *9696 . 

. *6513 

63 . 

. . *8924 . 

. *6346 

69 . 

, . *9848 . 

. *6346 

64 . 

. . *9080 . 

. *6180 

60 . 

. . 1*0000 . 

'. *6176 

55 . 

. . *9235 . 

. .6014 


(‘ English Mechanic.’) 


line angle = tan. of sun’s distance ' style apart, Fig. 167, and a third line 

from meridian X sin. of latitude of 1 coOC at right angles tothem. From 

■ place, and set out the angles so ob- ' 0 and o as centres with radius 1 ’ 000, 

tained by the use of chorda and co- describe arcs ABC and a be. If the 


chords and a scale of equal parts, j lines arc correctly set out, the chords > 
Table I. gives the chords and co-chords j A C and a c should each measure 
for the hour-lines of a horizontal dial * 1*4142. From A and a as centres, 



for each degree of latitude from 50® to 
60°. For intermediate positions take 
proportionate parts. For example, for 
the 1 o’clock line in latitude 54” 30' 
the chord = *2144 and co-chord — 
1*2645. To set out the dial ; draw 
two lines on the slab A 0, ao, parallel 
to each other, and the width of the 


with chord of I o’clock line as radius, 
descrilw arcs cutting the arcs ABC 
and abcin B and h. From C ^d o 
m centres with co-chord of I o’clock 
line us radius, descrilie arcs which* 
should exactly cut the previous inter- . 
sections at B and b. Join B 0 and 6 o, 
which are the XI and I o’clock lines 




Sot t)lAIiS — TAXIDBBMt. 


284 


respectively. Proceed similarly with 
the other hour-lines. In the figure 
the setting-out of the X and 11 o'clock 
lines is shown. The V a.m. line is the 

V P.M. line produced, and it should bo 
noted that it passes through o not O. 
Similarly with other lines beyond 

VI o’clock. The angle of the style can 
be set out with the scale of chords, 
and checked with the scale of co-chords 
given in Table II. For intermediate 
places between the degrees calculate 
proportionate chords and co-chords. 
For example, for latitude 53° 20' the 
chord will be '8976, and the co-chord 
*6291. The edge of the style must 
be set so as to intersect the plane of 
the dial exactly in the line 0 o. Of 
course, the dial must be exactly hori- 
zontal, the style vertical, and the XII 
line set truly N. and S. Owing to 
the sun having a disc of a considerable 
area, the sliadow of the style is not 
sharply defined and there is a tendency 
to read time by the dial fast in the 
forenoon and slow in the afternoon. 
For correcting a clock, therefore, a 
mean should be taken of a forenoon 
and afternoon observation, if an obser- 
vation cannot be taken at XII. 




Taxidermy, 

(See also Clkaninq and Scoueing, 
and Preserving. 

Cleaning Stuffed Specimens. 

(a) Give a good brusliing with a stiff 
clothes-brush. After this warm a 
quantity of new bran in a pan, taking 
care it does not burn, to prevent which 
quickly stir it. When warm, rub it 
well into the fur with your hand, 
Repeat this a few times, then rid the 
fur of the bran, and give it another 
sharp brusliing until free from dust. 
(/>) Sponge with white soap and warm 
water, rubbing well into and alxiut the 
roots of the hair, but avoid using an 
excess of water to soak into the stuffing, 
or the specimen will, in all probability, 

I never thoroughly dry, and moths and 
rot will be the result. Dry in a current 
I of air as free from dust as possible ; 

I brush the fur occasionally as it dries 
(a coarse comb at first will, |)erhaps, 

I sejiarote the hairs better). Before 
putting it into its case, wash freely 
with benzoline, rubbing with the fur ; 
you may never dread moths, and your 
specimen will always be clean if your 
1 case is properly made and closeil up 
air-tight by means of paper pasted over 
every joint and crack. 

Fish. — Cover the best side of the 
fish — the side to be exposed to view in 
the cose — with muslin and place it on 
the bench. Cut along the side of the 
fish, from head to tail and remove the 
body. Carefully clean away all flesh 
tliat may be left around the fins and 
head, also remove the eyes. Now 
treat the inside of the skin, in every 
part with arsenical soap. For stuffing, 
the best plan is to make an artificial 
IxKly with tow on wire, and, after being 
sure of the dimensions and propor- 
tions, putting this inside the skin and 
sewing it up. Another way is to 
gently ram in sjiwdust as the skin is 
being sewn up, but the fixing of the 
specimen in the case is not so easily 
tlone with this latter method. With 
the toW and wire body, two (or three) 
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wires should be arranged to come out 
from the unexposed side of the body — 
BO as to either f)asB through the back of 
the case or be tent down to pass behind 
some artificial water grass to the floor, 
these wires soundly supporting the 
fish in the air so to speak. After 
fastening the fish in the position it is 
to occupy, the fins and tail are ammge<l 
in the desired positions by means of j 
pins and tetweeii pieces of cork. The | 
eyes are finally inserted and the mouth 
closed. When it is quite dry the body 
is painted in the natural colours, using 
test tube colours with fine mastic 
varnish and turpentine, and then var- 
nish to give the appearance of the 
specimen being wet. In painting con- 
siderable care is requisite, or the test 
work may be given a poor appearance. 
Every scsile should te finished sefiar- 
ately, for the examination of a newly 
caught fish will show that the scales 
are shaded, also that the hetul luis 
shadings and possibly markings on it. 

Birds. — When the collection of 
specimens is a special business, as with 
a naturalist, there are occasions when 
speed, particularly in skinning, is of 
considerable imiKirtance, and this par- 
ticularly applies in hot climates where 
the day’s collections must all te treated 
at the end of the same day. The fol- 
lowing is a rapid method, and has the 
advantage of affording good results in 
the after-treatment when mounting, 
etc. Examine the bird, arrange to 
show its test side, flien plug mouth 
and nostrils with cotton- wool. With 
a keen knife make a clean incision from 
the wing to the thigh. Draw out the 
upper wing joint. Cut the sinews at 
the farther end and clean off the flesh. 
Now l(K)sen as much skin as possible 
from back and breast, then, firmly 
holding the collar-bone, draw the body 
gently out. Cut through the neck and 
work to the other wing, and freeing 
this as was done with the other wing, 
work the skin off down to the legs. 
Gtet the skin loose to the knee joints, 
cut through the sinews, and, pressing 
back the flesh disunite the teno at the 
knees. The skin is now worked off to 


the tail, and after removing the oil- 
glands the bone is cut tlirough and the 
body is quite detached . The wings can 
now te given more attention, these 
being bared to the second joint and hav- 
ing all flesh removed. Arsenical soap is 
then painted in here, and a little cotton 
wool stuffed in. Now attend to the 
head, tfiking hold of the severed piece 
of the neck, drawing it out and loosen- 
ing the skin right to the beak. Cut 
away all tliat is possible (but not the 
skull), and extract the brains. Use 
arsenical soap here and fill the brain 
cavity with fine tow. Apply arsenical 
soap to all parts, then insert a false body 
as descrilsKl elsewhere, putting wings, 
legs, and feathers all in methodical 
order, then either winding thread 
round or putting the whole in a still 
paper cone or cylinder. For relaxing 
when setting up is to te proceeded 
with, a rclaxing-l)ox is used, this being 
a box lined with material that will 
hold a quantity of water. About 24 
hours in this will make the specimen 
elastic enough to have its stitches 
removed, and the false body removed. 
The skin should then te filled with 
damp tow (ilann>ed with warm water) 
and put back into the box for about 
two days. Bee that some of the damp 
tow is filled into the neck and mouth. 
A solution of soft soap and glycerine 
(with water) painted on the inside of 
the skin and allowed to soak a tipie 
will give elasticity. 

It slumld V>e noted in skinning birds 
with large skulls that the skin of the 
neck will not pass over them, and in 
this case one side of the head— of 
course the side or part that would not 
te seen— is opened to deal with the 
skull. 

Arsenical Soap.— By weight, 
64 parts white arsenic, 64 parts white 
soap, -10 parts camphor, 8 parts chalk, 
4 {jarts salt of tartar. Powder all dry 
ingredients, then work well into the 
soap, using sufficient water fpr the 
punx>8e. 

Birds. Setting up.— Assuming 
the skins have been m^e flexible as 
' already described, the setting up may 
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be proceeded with. The brain cavity 
is always filled full, and tow is best 
for this. If the space is small, the 
tow may l)e cut up. For around the 
head cotton wool is l)est, as, by means 
of a hooked-end needle, fine strands of 
this can be drawn into places more 
neatly than tow. The wing bones 
should have a thin string or fine wire 
to tie them together, so that they will 
be, and remain, the proper distance 
apart as in life. The upper leg bones 
can be wrapped round with tow and 
returned to place. Now take a wire 
of fair strength for the size of the bird 
and the full length of the body, head 
to tail, point Iwth ends, then wrap 
over evenly with tow to about half 
the thickness of the body and secure 
the tow on it. Now take two leg wires 
of full length, and sharpen one end of 
each. Push the sharp end through 
the sole of the foot, up through the 
1^ bone, working it with a twisting, 
boring movement to get it through, 
until it comes out at 4 the top joint and 
well through it. Now take the body 
wire, which is wrapped with tow, and 
seeing that the tow wrapping is the 
proper thickness of the next at one 
end, push this end up the neck and 
let the pointed end of its wire go well 
into the skull ; the other end of this 
wire is to go into the tail bones. See 
that the wire at each end goes right 
through the bone, and, if necessary, 
pull the ends of the wire to make all 
sound. The body now having a core 
to work to, let the leg wires go through 
this core and then have their ends 
firmly twisted so that the legs will 
support the bird in the chosen posi- 
tion. Skill is now required to pose 
the lard, for nothing now remains but 
to fill in the cavity around the body 
core with tow and sew it up. If the 
bird 4s to have its wings outstretched, 
or away from its body at all, then 
wiiig-wireB must be adopted, securing 
these jto the body core as the 1^ 
wires were done. The last thing u 
to insert and ghie in the eyes, the 
lids being arranged very neatly with 
straight or bent needles. Finally, 


bind all over with thread and leave to 
set. 

Curing Material for Bird 
Skins. — For fresh skins. Mix to- 
gether 2 lb. soft soap and 5 lb. whiting 
in a quart of water. Boil until amal- 
gamated, then add I lb. clUoride ol 
lime. \^en cool mix in 2 oz. euca- 
lyptus oil. 

Preservative for Birds.— (a) 

It is seldom that the exterior parts — 
the feathers— of birds require any 
preservative treatment, but should 
they be infected with destructive in- 
sects and need such care, then an 
alcoholic solution of percUmdde of 
mercury may be used, working the 
feathers about with a finely-pointed 
instrument— a needle — until the spirit 
lias evaporated and then putting in a 
current of air to dry. The chemical 
should not be too strong in the solu- 
tion, and this can be tested by dip- 
ping a dark-coloured feather in it to 
see if any residue appears when the 
feather is dry. (b) Have a sufficient 
quantity of ben 2 soline, and put some 
lumps of naphthalene in it to dissolve 
as much as it will, work this in between 
the feathers, (c) To destroy destruc- 
tive insects, put the specimen in an 
air-tight box or tin with some carbon 
bisulphide for about three days, (d) To 
keep insects out of the case in which 
a specimen is mounted, put a few 
lumps of naphthalene (albo-carbon or 
carbon ends) in the case, out of sight. 
The writer has done this for years and 
finds it highly successful for mounted 
entomological specimens as well as 
laiger thi^. 

Snakes.— A single wire, to extend 
from end to end of the specimen and 
bound with tow, suffices for this. 
Sharpen the end of the wire that is 
to come at the head end, then bind 
the wire with a little tow to quite 
cover it. Hang up the skin by the 
head, then insert the blunt end of 
the wire down to the tul end. Have 
some fine sawdust, and by means of a 
funnel fill this into the snake-skin 
around the wire. As required, wmrk 
the sawdust down by patting and 
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pressing with the hands outside the 
skin and by inserting a tow-headed 
wire or cane to Jict as a niinmer. When 
the cut part of tlie skin is reached, a 
few stitches are j)ut in and the filling 
continued, then more stitches and more 
filling until within in. to 6 in. of the 
head. Now fill the brain cavity with 
tow, insert the pointed wire in the 
spmal cord opening of tlie skull, push 
it tlirough, then draw the wire and 
bend it bvck to firmly secure it. Finish 
the packing and sewing, the last piece 
of packing being most conveniently 
done with tow. The l)ody can now l)e 
bent and disposed in any natural form 
chosen, fine wire nails being used if 
necessary to hold it on a branch or 
similar jx)sition . Now insert the eyes, 
and lejive the whole to dry. When 
this is done, the specimen requires 
finishing, this Ixjing the tightening up 
of loose scales with licjuid cement (fish 
glue), and tinting witli colours if this 
is to be done . Best tube colours should 
be used with turfieutiuo and a little 
mastic varnish to prevent the colours 
drying too dead or flat. 

Mounting Animals.— If it is 
possible, some thought should be given 
to the mounting when the skinning 
takes place, for, (juito commonly, one 
side of the specimen is better than the 
other. In such a case, if only one 
side of the animal will be afterwards 
seen, then care should be taken to 
have all jKissible cuts in the skin on 
the in^^sible side. Thus in skinning 
the legs the two to come nearest to 
the observer should be ojiened on the 
inside, while the two farther ones 
may be cut on the outside. To make 
the mounting frame, cut a piece of 
stout wood (usually called batten) a 
little longer than will reach from the 
body joints of the fore and liind legs 
and bore four holes, two at each end, 
to receive the leg rods or irons, lliese 
holes should be bored obliquely. An- 
* other hole lias also to bo bored at each 
end ^or neck and tail irons. For the 
leg irons have iron rod of suitable 
strength for the size of the specimen 
(this instruction does not apply to 


I anything larger than bears, leopards, 
j small anteloj^es, etc.), one end of each 
rod being pointed, the other end being 
threaded and fittetl with two nuts ; 
the nutted ends arc those tliat come 
at the feet of the specimen and *go 
through and secure the specimen to 
the board that it is stood upon. Hav- 
ing arranged how the object is to stand, 
the various rods are bent accordingly 
and fixed in place. The next duty is 
to make the limbs of proper size — to 
model them as it is termed. The leg 
bones, if any, are secured to the 1^ 
rods by wire, then the substance of 
the leg is made up with a foundation 
of “ wood wool ” or wood fibre, binding 
it on with stout thread until the proper 
tliickness is obtained. It is better to 
made limbs and parts of insufficient 
thickness rather than of too great a 
bulk, but an exact natural size should, 
of course, be obtained if possible. 
When the fibre is all bound on the 
liml)S they are to be coated over with 
modelling clay Uf make them of even 
surface and BmtH)th, and at the feme 
time, by mejtns of the clay, to show 
up any muscular development. With 
short-liaired specimens, too, string or 
wire may l)e pressed on the clay to 
afford the appearance of veins where 
proper. The skin can now be put to 
the legs, if desired, and sewn on, more 
clay being inserted wherever found 
necessary. The head is the next con- 
sideration. The skull usually has a 
slot sawn in its base to receive a short 
piece of wood, this projecting from 
the hole about ^ in. A hole is bored 
through the length of this, that the 
neck rod may pass through and then 
be turned down at the end and secured 
by staples. The skull can be secured 
to the wood let in its base by fine 
wire nails. The skull has its exterior 
covered with wood fibre, bound on 
with thread, to make it of suitable 
size, and if there is any difficulty in 
binding this material on, a few thin 
nails may bo driven on to fasten the 
threads on during the landing. Some 
modelling clay outside the filn?e com* 
, pletes the skull |:eady to recei^ t|i6 
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akin. Having fixed neck, leg and tail 
rods firmly in the batten, bending the 
ends over and stapling them secure, 
the body can be proceeded with to 
complete the work. Fill up the neck, 
th6n the shoulders, then the middle 
of the body, with wood fibre, moulding 
the whole to shape by judicious pressing 
with the hand outside, and os the 
filling proceeds the sewing up may be 
done, a little at the time. If not 
already done, the specimen should be 
mounted on its boiird, and then the 
extremities (if claws), also the nose, ' 
mouth and eyes, must receive atten- 
tion. For nose and mouth clay will 
be required to model them up, and 
should the lips be required to show 
any particular expression (as snarling), 
then fine pins may be inserted to hold 
the skin in position. 

Mounting the larger antelopes, deer, 
horses, etc. For these a simple piece 
of wood batten for the body is scarcely 
sufficient, and it is usual to build up 
a wooden framework nearly the size of 
the ‘body, covering this with wood 
fibre and afterwards clay, the fibre 
being bound on by stout thread pass- 
sing over a number of headed pins 
or light nails driven at regular dis- 
tances into the wood frame. To make 
the frame, piece together sufficient 
5.-in. or f-in. match-boarding that a 
full sized outline of the body of the 
8i»ecimen may be drawn on it, in- 
cluding the neck and the base of the 
skull, but not including the legs or 
tail, then with a bow saw cut through 
the pencilled outline after putting 
cross pieces to prevent the boards 
coming apart. This is shown in Fig. 
168, which also shows two pieces of 
2-in. to 3-m stuff secured crossways 
to the board just where the highest 
1^ joints come, these being to receive 
the leg irons as shown, l^en tlie 
work h^ got as far as this, the frame- 
work should be mounted on a board 
(by means of the double-nutted ends 
of the leg irons), even if only tem- 
por^y so, for the subsequent pro- 
ceedings require the body to be properly 
supported while being done. The 


fewmework now has additional battens 
attached to the centre board, and 
when there appears to l)e sufficient 
of these some thin narrow planking 
is nailed along, making the body as 
round or barrel-shaped as possible, but 
keeping within the bulk the finished 
body is to be, as the wood fibre and 
clay liave to come outside this wooden 
body. The only reason for this wooden 
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body is that, with one of the laiger 
antelopes for instance, a good result, 
and, more particularly, a permanent 
result, could not be hoped for if the 
whole body consisted of little more 
than fibre packing. With this frame- 
work the skull can come direct on to 
the neck board, if slotted with a saw 
as explained in the last paragraph. 
The outside of the wooden l^y is 
finally covered with fibre, bound on, 
then coated with clay ; and, where 
necessary, string or wire is partially 
embedded in to show up as veins. 
When the skin is on and being sewn 
up, any extra fulbess required may 
be done either with more clay or with 
strands of tow. The tul, for instance, 
can be filled with tow. If it is a long 
tail, then a tail rod or wire has to be 
provided, this being bound with tow 
to a suibble size. It has always to 
be remembered that the skb of the 
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Btomach may at first trial appear to l)e I 
too large ; this is because there are 
deep indentations of folds between 
the legs and body, in the groins, etc., 
skin having to be pressed up into 
these places and held there by fine 
nails or pins until set. 


Telegraphy. 

GENERAL PRINGIPLES, AND 
DOMESTIC WIRELESS 
TELEGRAPHY. 

{Secdlso Elkctkic Battkhies.) 

The most durable portion of a line 
of telegraph is the wire. In no in- 
stance, even with old lines, has re- 
wiring l)een necessary, except by 
reason of some destructive agency. 
The kind most generally used for land 
lines is galvanised iron wire, and this 
is very suited for the purpose. It 
should, however, be of good quality, 
for it will take but very few faults or 
breakages to absorb the saving in first 
cost. The jointing is most import- 
ant, the most approved method being 
that which is known as the Britannia 
' joint. Tliis is made by bending up 
the ends of the wire, then very 
firmly binding them together with a 
thin wire, and afterwards soldering 
over the whole. If the line wire is 
No. 8 B.W.G., then the binding wire 
should be No. 16. For thicker line 
wires the binding should be No. 14. 
A twisted joint is less strong than this 
one, and it is liable to cling to another 
wire if blown against it by the wind, 
and this has always to be guarded 
against. A very clean and smooth 
wire is also necessary to prevent this 
occurring. Whatever style of joint 
may be adopted it should always be 
soldered. They cannot be considered 
permanent without that precaution. 
Joints should always be kept near to 
the poles to prevent their being carried 
over and clinging to other wires when 
affected by strong winds. 

The size of the wire is greatly 
governed by the length of the line, 
but apart from that, if first cost will 
admit, a large wire is at a great ad- 
vantage over a small one. It will work 
under faulty conditions that would 
ruin the eflBcacy of a small wire. For 
circuits up to 400 miles No. 8 B.W.G. 
is very satisfactory. For shorter lines 
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* and for general railway purposes No. 
10 will be found sufficient. E'er lines 
under .100 miles No. 11 may l»e em- 
ployed. 

The distance lietween poles or sup- 
ports is determined by the conditions. 
Obviously the fewer the supports the 
lietter the insulation, and this means 
better and more economical results. 
After much discussion the number of 
poles has been fixed, for ordinary con- 
ditions, at 22 to the mile. The mate- 
rial us^ for poles is wood. Iron is 
very suitable, but the cost is prohibitive. 
These are always fitted with insulators, 
to prevent any leakage of the current 
or short-circuiting. The forms of 
these are various, but all rely upon 
porcelain or stoneware for their insu- 
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lating properties. Fig. 170 represents 
an ordinary form of these, and Fig. 163 
shows wliat is known as a double in- 
sulator, The efficacy of this latter 
pattern is not to be excelled. 

The connections to earth at each end 
of a line are effected by wires and 
copper plates. To effect a good earth 
connection— and tnany Imes suffer 
greatly by want of it — the earth sur- 
rounding the plate should be perman- 
ttitly damp. Dryness of the earth is 
a great disadvantage, and in some 
rocky districts causes much trouble. 
When there are several circuits it is 
veiT necessary that the earth plates 
be kept as far apart as possible. 

The ordinary form of indicating in- 
strument with oscillating needle, still 
used l^y the majority of the railway 
eompanieS) depends for its action on 


j a current, passed through a coil of 
I wu'e, which has a magnetic needle 
j «us])ended on either side of it, causing 
the needle to deflect. As the current 
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passes round the coil in one direction, 
so the needle is attracted to one side. 

I By reversing the direction of the 
current the deflection of the needle is 
reversed also. 

Figs. I7l, 172 and 173 serve to 
illustrate this. 

In the first illustration we have the 
contact-bar (which is worked by a 
liandle) bearing over to the right, 
admitting of a current which causes 
the needle to deflect to the right also. 
In speaking of this deflection it refers 
to the upper half of the needle, the 
lower lialf being retained merely to 
balance the needle, and make it work 
freely on its delicate bearing. The 
direction of the current when the 
faandle-har is in this position is shown 
by the arrows, and it is requisite to 
explain that the centre stud or bearing 
of this bar is made of a non-conducting 
material, otherwise there would be a 
short circuit and no line current. The * 
upper and lower half of the^ndle- 
are thus quite cut off from one 
another. 

In the second illustration we have 
the current passing the reverse way to 
the last, it traveUing to the distant 
station by the line and returning by 
the earth. In both these illustrations > 
it is supposed we are sending meBsages 
from the instrument and not rec^m^ 
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any. When thus sending currents 
the battery of the sending station pro- 
vides the motive power, and both 
movements of ilie handle-bar bring it 
into vise. The deflection of the ne^le 
shown in these two illustrations are 
due to the current passing, for whether 
a message is being sent out or being 
received, the needle works the same. 
When sending messages the movement 


small tee or cross-head is provided to 
the handle-bar, touching in the fanner 
shown, and so providing a bridge for 
the current from the needle-coil to 
the earth-plate, or vice versa. The 
current from the distant station there- 
fore passes round the needle-coil, 
either way, freely and without hind- 
rance, and, of course, the needle de- 
fleets accordingly. 



of the needle is very useful, first, to 
show that the current is passing pro- 
perly, and secondly, it permits of the 
operator checking his own message as 
it goes. The former advantage is an 
important one, for except by the 
neve’s movement an operator would 
never know if his message was going, 
and would frequently liave to test the 
installation by other instruments. As 
it is, when his own needle moves it 
faithfully records what the needle at 
the distant station is doing. This is 
supposing no feult exists anywhere. 
If there is a fault the home needle 
usually gives indication of it. 

In the third illustration we have 
the instrument at rest, so far as the 
sending of messages is concerned, but 
it is in readiness to receive any tliat 
may be sent from the distant station. 
When messages are coming in, the 
battery of this, now the receiving 
instrument, is not required, as the 
sending battery only provides the 
current. In consequence of this a 


Fig. 174 illustrates the face of the 
instrument-box with the needle only 
appearing, its coil and other fittings 
Iwing in the body of the box (behind 
the face). The handle which operates 
the contact-bar is fixe<l in front, and 
the alphabet of deflections is usually 
printed on the face of the instrument 
somewhere. The alphabet signs are 
not difficult to learn, no letter having 
more than four deflections, and those 
letters most in use have one or two 
deflections only. The letter A, for 
example, has a deflection first to the 
left then one to the right. The letter 
N has the same deflections, but re- 
versed as to order. £ and T have one 
deflection only. Figures are denoted 
by five deflections each, as shown. 

The form of instrument favoured 
by the postal authorities is that in- 
vented by Professor Morse. Origin- 
ally it was made to leave a permanent 
record by printing its mess^ in dots 
and dashes, and it is still greatly used 
in this way, but in busy offices the 
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printing gear is often dispensed with, 
and the clicking or light rapping of 
the instrument Is sufficient to the prac- 
tised ear. This latter means of read- 
ing the message (by the ear) lias caused 
modification of the instrument to he 
made, called “sounders,” which rap 
out the message moat distinctly, but 
these give no permanent record (except 
that which the clerk copies down), any 
more than the needle instrument does. 

The action of tliis instrument is 
based upon the fact that if we take a 
bar of iron, and wind some insulated 



I balanced lever assumes • its original 
I iwsition, until the next current causes 
it to repeat its movement. This is 
the recording arrangement, and it is 
arranged tliat the recorded mark on 
the paper be either a dot, or a short 
i line termed a dash. The dot is caused 
by a very brief current ; the dash is 
the result of holding the transmitter 
down for an instant. The paper strip 
being kept in motion by clockwork, 
and the recording point being fed with 
ink, admits of these marks being regis- 
tered very simply and distinctly. The 
alpliabet of dots and dashes is arranged 
to resemble the symbols of the needle- 
instrument as near as possible, a dot 
answering for a needle deflection to 
the left, and a dash representing a 
deflection to the right. 

By this means a cliange of instru- 
ments does not necessitate an operator 
learning a new alplialjet. To make 
this clear, Fig. 175 will show that the 
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dots and dashes answer to tlie needle 
deflections, the letter S, for example, 
being represented by three dots, corre- 


wire round it, we convert that bar into 
a magnet when a current is passed 
through the wire. The magnetic pro- 
perties of the bar continue so long as 
the current passes, and cease or dis- 
appear when the current is stopped. 
Tl^ action is put to use in arranging 
the instrument, so that when a current 
is sent through the line the magnetised 
bar attracts and draws down one end 
of a balanced lever, this causing the 
other end to rise and come in contact 
with ft strip of paper prepared to 
receive the impression of its contact. 
Immediately the current ceases the 
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spending to three left-hand deflections 
of the needle alphabet for this letter. 
Fig. 176 shows the transmitting in- , 
strument, and Fig. 177 a complete oir* 
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cuit, upon this principle. In the | 
latter illuBtratiori, A are the transmit- 1 
ting instruments, 13 the batteries, C the | 



Fig. ] 

receiving instruments, D the galvano- 
meters. As the transmitters are illus- 
trated they are iirejiarcd for receiving 
"messages, there being a free path for 
the current from the line-wire to pass 
to the receiving instrument and then 
to earth. If vve press down the knob 
we cut off communication from the 
line-wire and permit the current from 
the battery to pass to it, and on to 
the distant station and the receiving 
instrument there, the current return- 
ing from the distant earth plate. The 
object of the galvanometer is to indi- 
cate that the message is passing. The 
needles of these fulfil the useful 
purpose that the needles of needlc- 
mstruments do, viz. indicate the trans- 
mission of the current. It might j 
have been explained before that the 
needle and coil of this latter kind of | 
instrument constitute a galvanometer, 
for a galvanometer is an instrument 
wliich acts by an electric current pass- 
ing through a coil of insulated wire, 
and 80 causing a needle to deflect. 

An interesting instrument connected 
with telegraphic and telephonic work 
is that known as the “ relay.” In all 
long lines it was found that, even with j 
a sufficient battery-power each end, j 
the current was not received at i 
the distant station at a satisfactory | 
strength, and this was particularly a | 
fault witli the Morse type of indicators. ' 
The aim and use of the “ relay ” is to ' 


afford what its name distinctly implies 
— like relays of horses on a long journey 
by road— fresh strength and impetus 



177 . 

to the travelling medium. {See 
“ Relays ” in telephone work). 

Morse Code. 

A o'”" 

E - R 

F S--- 

G T — 

H U 

I « - V 

kI X 

M Z 

Domestic Wireless Tele- 
graphy. — The first requisite is some- 
thing that will make an electric spark. 
The coil of a motor-car or motor-bicycle 
will do admirably ; an electrical machine 
such as the Wimshurt, or even an 
electric gaslighter at a pinch ; or if 
none of these are obtainable then an 
electric bell, though the spark from 
this is too feeble to be of much good. 
If you look at it ringing in the dark, 
however, you will see that there is a 
spark. Now it is a fact, foreseen by 
Maxwell and observed by Hertz, that 
when a spark occurs a disturbance is 
produced in the ether and spreads out- 
wards with great velocity in the same 
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way that the waves spread when a 
•tone is thrown into a pond. The man 
with the motor who aspires to use Ids 
ignition apparatus as a wireless trans- 
mitter had better disconnect his high- 
tension wire from his sparking plug, 
and connect some part of the engine 
with a piece of copper wire to the 
nearest gas-fitting or water tap. He 
will thus get a good earth — that is, 
there will be a way for the spark to 
run to earth. Two brass knobs of a 
bedstead should then be fixed so that 
they are about in. apart on two 
pieces of glass rod stuck into a wood 
base, and they should l)e arranged so 
that one knob is about i in. from some 
part of the engine, and so tliat the 
other is about ^ in. from the end of 
the high-tension wire. This arrange- 
ment will be more effective if the end 
of the high-tension wire is connected 
to one end of a copper wire about 10 ft. 
or so long, hung on silk threads so as 
not to touch any part of the room. 
This corresponds, to the mast at the 
transmitting cud of Marconi’s system, 
and is called the aerial wire at the 
transmitting station. Now turn the 
engine untU the trembler begins to 
buzz, and sparks will jump from the 
end of the h^h-tension wire on to the 
first knob ; thence on to the second, 
and thence to the engine. Kach time 
the current is switch^ on the disturb- 
ance will travel outwards from the 
motor, and the ordinary Morse code 
can be used ; tliat is, the switch can 
be used as a Morse key for sending a 
series of long or sliort signals. 

Now for the receiving appiratus. 
Get a bit of aluminium, either a sauce- 
pan or a comb, or something, and clean 
it carefully. Then get a bit of very fine 
copper wire, and thr^ it through the 
eye of a very fine needle. Twist the 
wire round some insulating support, 
siich as a wooden penholder stuck up- 
right in sometliing, and arrange matters 
80 that the needle-point just touches 
the aluminium, You have now made 
the siniplest possible form of what is 
known as a ‘‘coliorer,” If you now 
join the jiluminium to one terminal of 


a battery — one of the motor-car accu- 
mulators or a dry coll will do— and 
join the other terminal to the wire 
supporting the needle, you have a 
receiving station. The arrangement 
will be more sensitive if the aluminium 
is joined to a water-pipe or gas-fitting, 
and the wire supporting the needle is 
,connected to a long copfier wire, which 
is suspended on silk threails across the 
room, or the wire may hang out of the 
window, but so as not to touch the 
ground. Tliis last wire is calleil the 
aerial wire at the receiving station. 

There is still one thing lacking, 
namely, something to make the changes 
which go on in the receiver jwrceptible 
to our senses, but before this is de- 
scribed let us consider wliat we have 
now arranged— the circuit containing 
the batthry and the simple coherer 
already described. What happens is 
this. The l»ttery is always wanting 
to send a current down the needle to 
its point, and through the point to the 
aluminium plate, and so back to the 
other pole of the battery. It meets 
with no success in this endeavour, be- 
cause the contact between the n^le 
and the aluminium is very bad. How- 
ever, when one of the disturbances sent 
out by the spark intercepts the aerial 
wire it sets up a disturbance in the wire 
itself, which has for its effect that the 
contact between the needle and the 
aluminium is much improved, and a 
considerable current at once begins to 
flow in the circuit. We want, there- 
fore, something to enable us to appre- 
ciate this current. The simplest thing 
is a galvanometer, which need not be 
a very sensitive one, and this should 
be connectetl up somewhere in the 
circuit — for instance^ between the 
battery and the wire supporting the 
needle — so that any current when it 
comes may flow through the galvano- 
meter and deflect it. If no galvano- 
meter is obtainable, a telephone re- 
ceiver can be connected up instead of, 
and in the same way as, the galvano- 
meter, and then the current when it 
arrives will prwluce a click in the 
telephone. The unfortunate thin g is, 
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however, tliat when once the contact 
between the needle and the aluminium 
^has been made better by the influence 
of the spark, it remains better, and so 
the apparatus is no good for receiving 
a second signal untU the contact has 
again l)een made bad. This can be 
done by tapping the aluminium with 
the finger very gently. If, therefore, 
our experimenter wishes really to trans- 
mit signals instead of merely satisfy- 
ing himself that such a thing is possible 
— that is, if he is not content with 
an apparatus he luis to tap l)etween 
each signal -he must devise an auto- 
matic tapper. This can 1 )e a clockwork 
arrangeuient that is always tapping, 
but a much letter way is to proceed as 
follows Instead of the galvanometer 
or the telephone insert in the circuit a 
small electro-magnet wound with fine 
wire, wliicli will attract an armature 
when the current passes. The motion 
of this armature is utilised to close a 
second circuit containing a bittery and 
an electric l>ell — that is, the armature, 
on being attracted, acts tlie fiartof the 
person pushing the button and rings 
the bell, Such an arrangement is 
known as a relay. The hammer of 
the bell not only hits the Ml but tajw 
the aluminium. H ere, then, you have 
a complete apparatus, which signals on 
an electric bell. Starting with a Ijad 
contact iKJtween the aluminium and 
the needle, a spark is made in the 
motor-shed Mow. The contact be- 
comes goo<l, the current flows, the 
armature is attracted, the IkjII circuit 
w closed, the IkjII rings, the aluminium 
is topped, and the contact gets liad 
a^in ; the current ceases, and the bell 
circuit is ojKjned and the bell stops. 

If this receiving apjmratus is fairly 
sensitive it will respond to the sparks 
from an electric gaslighter in the same 
iwm, but probably not from a greater 
distance. Ordinary substances like 
stone and bricks and earth do not 
materially stop the passage of the dis- 
turbance, but it is stopped ly a metallic 
body which conducts electricity, and is 
partially reflected thereby. Thus the 
spark which occurs in the cylinder of 


a motor-car sets up no outside disturb- 
ance, as the cylinder, walls are entirely 
1 opaque to it, and completely absorb 
j the energy of the spark. With ap- 
! jjaratuB such as has been described it 
must not be expected that signals can 
be transmitted to any disbmee ; but 
with a fair-sized induction coil, giving, 
say, a 4-in. spark, messages can to 
• sent several hundred yards. In trans- 
' mission to a greater distance much 
[ more {jowerful apptinitus is required, 

I and the aerial wires have to be made 
; very long and the masts to carry them 
j very high. 

1 If our experimenter is possessed of a 
j gootl induction coil it is worth w'hile 
investing in a proper coherer and relay, 
' neither of which is at all expensive. 
A coherer made of nickel and silver 
filings in an exhausted glass tube is 
wortAi al)out six shillings, and a very 
good relay may be purchased for about 
thirty shillings . It behoves the would- 
be purcliaser, however, to remember 
that the fwssession and use of these 
occult pieces of apparatus is an offence 
against one of the most alwurd Acts of 
Parliament ever passed — namely, the 
Wireless Telegraphy Act. (‘ F 4 .R.C.,’ 
in the ‘ Manchester Guardian.’) 
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Telephony. 

Transmitters. — ^The microphone 
has been so named from its power of 
increasing sounds resulting from me- 
chanical vibrations transmitted by solid 
substances, and thus rendering audible 
such ordinarily inaudible sounds as a 
fly’s footsteps on the stand of the in- 
strument. Its iiction is thus described 
by Prof. James Blyth. 

Action . — In the microphone trans- 
mitter, as usually employed in circuit 
with a liattery and a liell telephone, are 
essentially two pieces of carbon resting 
lightly against each other, through 
which the current pisses. That the 
instrument may work eftectively, two 
things are requisite : first, that the 
carbons be always in contact, or at least 
sufficiently near for the current to pass 
between them ; and secondly, that 
they may not be pressed togetW so 
tightly as to prevent any motion of the 
one relatively to the other. This 
state of things is sufficiently well de- 
scribed by the term “ loose contact.” 
To understand the action of the micro- 
phone, it is necessary to find out what 
efiects are taking place at the loose 
contact when the instrument is acted 
upon by sonorous waves. These are 
twofold ; ‘first, the effect produced by ! 
the sound waves (that is, the variations 
of density due to the condensations 
and rarefactions of the air), which pass 
directly through the air when they 
arrive at the loose contact ; and 
secondly, the effect produced by 
tremors set up in the entire instru- 
ment, wooden supports, and carlxins 
together, by the sound waves which 
sti^e against it and are thereby 
stopped. 

For distinction, the first of these 
may be called the air effect, and the 
second the tremor effect. To isolate 
thf> air effect, it is obviously necessary 
either tp fix the carbons rigidly in their 
8u]pport8, BO as to avoid any motion of 
the one relatively to the other, or to 
use a strong current and place them 
just clear of contact with each other. 


Fig. 178 illustrates how this may be 
done : a, 6, c are three blocks of brass, 
firmly fixed to a heavy wooden sole- 
plate. To the top of a is soldered a* 
piece of brass tube A, about 2 in. long 
and I in. bore. To the top of h is 
soldered a piece of similar tube jfc, 
alwut 4 in. long. Through c passes a 
fine screw s worked by a milled head 
111 . A piece of carbon-rod r is fixed 
firmly into h, and has a hole | in. dia- 
meter drilled througli its centre. A 
long piece of carbon /, pointed at one 
end, passes tightly through the tube A, 
and can be m(»ved l>ack wards and for- 
words by the screw s. A piece of India- 
rul)l)er tube I is pissed over the left 
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end of the tul)e A, and to this is at- 
tached a mouthpiece n. By means of 
the wires x and y soldered to the car- 
Ism rods, they are put in circuit with 
the battery d (20 Grove’s cells) and the 
telephone t, which must either have a 
small resistance, or be placed in a 
sejiarate circuit from that containing 
tlie lottery, so as to be acted upon 
inductively. 

When the carbon / is screwed tightly 
into the hollow of c, the circuit is 
completely closed, and no sound 
uttered into n is heanl at t. But when 
f is drawn gradually' back until small 
electric arcs are seen to pass between 
/and f, every sound uttered into n is 
loudly and distinctly reproduced in 
the telephone t. Here is clearly only 
the air effect acting, and tliat solely 
upon the small electric arcs passing 
the carlxins. It is somewhat ^fficult 
to get the sounds to last for any length 
of tioR, in consequence of the arc 
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distance soon getting too great for the 
current to pass, and requiring re-ad- 
.justrnent. When the arc begins and 
ends, a sharp click is heard in the 
telephone ; but in the interval during 
which the arc lasts, the sounds are 
distinct. 

As far as the tremor effect is con- 
cerned, it is obvious that the micro- 
phone action must depend cither (1) 
upon the variation of resistance due to 
variation of pressure, or (2) to varia- 
tion in the extent of surfac(i contact 
due to the elastic yielding of the car- 
bons under pressure. 

To test the first of these causes. Prof. 
Blyth matle experiments on the effect 
of pressure upon the specific resistance 
of carlx)n. For this purpose he took 
a short length of carbon rod, and sol- 
dered wires to it at a short distance 
from each end. By mejins of thtise 
wires the resistance of the carlx)ii nnl 
was balanced in the Wlieatstone bridge. 
Pressure was then applied by metins of 
a lever to the carbon in a longitudinal 
direction. No appreciable variation in 
the resistance was observed even umler 
considerable pressure ; and it only be- 
came manifest when the ]»ressure wjw 
sufficient to liend or crush the carlton. 
Similar experimciits, with the same re- 
sult, have l)een made liy Prof. Thomp- 
son. Hence it am liardly lie l»elieved 
that variation of specific n^sistauce due 
to pressure am have the slightest 
effect in producing the microphone 
action. 

To test the second cause above men- 
tioned -tliat is, the variation of resist- 
ance due to variation in the extent of 
surface contact due to clastic yielding 
under y)r('ssure— Prof. Blyth experi- 
mented as follows. In the apyiamtus 
already de8cril)ed, he rephmed the tu- 
bular carbon by a finely-pointed jfiece, 
so as to have two fine points exjK'tly op- 
posite each other. The resistance of 
the points was balancetl in the bridge 
in the usual way. Pressure was then 
applied by a known numl>er of turns 
or parts of a turn of the fine screw, 
and the change of resistance was 
noted. The screw yras then brought 


back to former position, and the pres- 
sure relieved so as to allow the el^tic- 
ity of the carbon to act and restore 
the points to their first condition. 
It is obvious that if the change of re- 
sistance were due merely to elastic 
yielding, it should now l)e the same as 
before. This was found not to be the 
case. From the gritty nature of the 
carlxm, the points of contact were per- 
petually changing, and hence the 
variation of rcsisbtnce produced in 
this way ol>eyed no regular law. 
From this irregularity it is impossible 
to conclude that this aiuse could ex- 
plain the transmission of musical 
sounds, far less articulate speech. 

As far as Blyth 's experiments go, the 
following appears to be something like 
the true explanation of the microphone 
action. What he has termed the air 
and the tremor effects take place si- 
multsmeously . The tremor effect pro- 
duces a jolting of the carbons sufficient 
b) allow momentary minute electric 
arcs to take place bctxv een the points 
which are just clear of contact with 
each other. Simultaneously with this, 
the air effect comes in, and on account 
of the variations of density due to the 
condensations and larefatitions of the 
air, Jicts u{K>n the minute electric arcs 
so as to vary their resistance. The 
tremor eflect explains merely produc- 
tion of the musical pitch of the sounds 
heard in the tele{)hone, wherais it is 
to the air ettect that we must look for 
the transmission of the quality of the 
sounds uttered inb) the microphone 
transmitter. The microphone is thus 
so far a deliaite make and break ana- 
logous to the old Reiss transmitter, 
with the important addition, h(»wever, 
of minute momentary gaps filled with 
a material which is sensitive to the 
minute harmonic variations of the at- 
mospheric density which constitute 
sononms vibrations. (Prof. Blyth.) 

Instructions will now 
be given for the construction of micro- 
phones of various forms and yiatterns. 

(1) Simple Microphone, ea})able of 
making the tramping of a fly, etc., 
audible (Fig. 179). — All the battery it 
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roquiree is a piece of airboiiand zinc or 
copper and zinc, about 3 in. square, 
with a piece of blotting-paper between, 
damped with vinegar. It answers 
equally as well as an expensive battery. 
/ is a l)Ox, size immaterial, say 4 in. 
square ; over the top is stretchetl a 
piece of vegetable parchment; a, pieces 
of carbon filed to a knife-edge at top, 
to support small stick of carbon, b ; c, 
piece of wood glued to a and to parch- 
ment top ; d, wires connecting a with 




Fig. 179. 


the ticking of the watch can be heard 
distinctly, take it out and place it on 
the top of box, resting the ring on the 
piece of wood c. With a moderately 
good telephone, the ticking will be suf- 
ficiently loud to l)e heard across a good- 
sized room. For flies, cover the top 
with a bell glass, or put them in the 
box and close up the opening. When 
using a common pin instead of h, flies 
may be heard running about almost as 
distinctly as with the carl)on, A 
human hair drawn across the jxirch- 
ment is heard as a rustling sound in 
the teloplionc. The exfM'riments 
should Ikj conducted in a ([uiet room, 
as the slightest con\ crsation or move- 
ment affects the microphone, and nro- 
duces a jarring noise in the tele- hone. 
(T. Cuttriss). 

(2) Adjustable Microphone.- Get a 
piece of |-iu. deal, about 4 in. 1 3 in., 
polish it up, and ebonisc it, Under- 
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binding-screws r. An old sewing ma- 
chine needle makes a good drill for 
drilling the holes into wliich the wires 
are w^ged tight >vith the point of a 
pin. B is another form, scarcely so 
sensitive, but less liable to accident 
from flies walking over it. a are two 
pieces of carbon about J in. 8(^uare, 
fastened together by Ijeing gluecl to a 
thin piece of canl which reaches alKmt 
half-way up. Tlie top of the carljon, 
in the centre, is cupped so as to 
hold a small pellet of carbon, rang- 
ing in size from a mustard-seed to 
a pea; 6, wires to binding-screws. 
When all the connections are made, 
place a watch at the Ixjttom of the box 
at and gently push the carbon piece 
h tUl it it almost falling over. A little 
practice will soon enalile any one to get 
line balance. The finer the 
, the better the result. When 


neath put four corner pieces, tw'o of 
which are shown at Fig. 180, Nextfix 
one of the carlx)n pieces on the boanl. 
In one corner of the Ixmrd cut a square 
hole through, as at «, then get your 
carbon block and bore a hole half-way 
through it, making the hole wider in- 
side {k). The carbon block is sunk 
slightly into the hole at «, a piece of 
copper wire is inserteil, and melted 
lead is poured into the hole, binding 
the carbon block on and making a 
good connection between it and the 
wire, which is then connected under- 
neath to the binding screw at 6. ' Then 
get a slip of thin ‘ ‘ latten " brass about 
2 in. long by in. broad, and punch 
two small holes in it, one at one end c, 
the other in the middle d. At the 
other end a piece of gas carbon, about 
I in. by ^ in. by i in., is fastened by 
means of melted jead. The end e k 
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then fastened down with a screw and 
washer, the carbon end in this iKJsitiou 
being about | in. from the carbon 
block. A small spiral is made with 
No. 32 copper wire— this is put on a 
taper wotid screw, which is screwed 
through d till the two carlwn surfaces 
touch. If small sounds are intended 
to be shut out, the screw is tightened. 
It may, of course, be used with a 
soundcard if desired. (‘ Eng. Mech.’) 

(3) Gives excellent results in trans- 
mitting the humivn voice and musical 
notes (Fig. 181). The upright board 



thin ; now add ends J in. thick. You 
will then have a lidless box whose 
bottom and sides are very thin and 
smooth, but with ends much thicker. 
Hold a stick of cask-wax in the flame 
of a spirit lamp, and run it in the 
seams where the sides and ends join — 
of course having previously glued them ; 
screw this firmly through its end, to 
a stout base-board 3 in. by 7 in. In 
this box fix an ordinary microphona ; 
to the centre of the vibrator, oement 
a piece of iron wire. It is only neces- 
sjiry now to make a stand upon which 
to place a horse-shoe magnet ; the 
stand, with the magnet u[)on it, must 
!« in height so that when placed upon 
the liase-board the feet of the magnet 
will stand parallel to the iron wire. 
The magnet may be fixed to the stand, 







has a circular hole a cut through it, 
about 2J in. in diameter. Over this is 
gummed some vegetable parchment 6, 
which, when the gum has well dried, 
is wetted and dried several times till 
quite taut. To the centre of this is 
fixed the upper carbon block c by 
means of a screw and a small wooden 
nut, and the wires are connected with 
battery and telephone in usual manner. 
I have only tried a in. hole, but am 
inclined to think that an improvement 
may be made by varying the size of 
the hole and the position of the carbon 
block on it. (T. J. Mercer.) 

(4) Will transmit distinctly the 
loudest voice and the lowest whisper, 
when such are spoken 10 ft. or 12 ft. 
distant, without the smallest jar, and 
in the same tone as the speaker’s voice. 
(Fig. 182). Take a piece of very thin 
',dead, 6 in. by 2} in., smoothly planetl ; 
fix to it the sides in. deep, equally 


but the stand must be free, so that it 
can be moved backwards or forwards 
on the ba8e-l)oard, nearer to or ferther 
from the vibrator. Ha^^ng connected 
your batteries and telephones, bring 
the feet of the magnet within ^ in. of 
the iron wire (the wire must not touch 
the magnet). Now speak, standing 
3 or 4 ft. away — your friend will then 
report to you through the telephone 
the result ; if not satisfactory, move 
the magnet farther away, until the 
voice is clearly heard, and in its natural 
tone. The results are equally as 
satisfactory as wonderful, the magnet 
merely acting as an easily adjusteble 
spring in controlling superfluous vibra- 
tion, which is the cause of that pecu- 
liar and annoying jarring sound. ^(R. 
Blakeborough.y 

(6) Get a tliin bit of board about 
! 6 in. by 3 in. , Bui)ported at each comer 
by little feet, al^ two small blod^ of 
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carbon with a hole through the middle I nary Bell teleplione, remove the magnet 
and a notch at the side of each ; screw I and coil, cut off' the long end or handle 
them into the board alwut l^in. apart [ which contained the magnet, and plug 
by binding-screws, ami across them, ' up the hole in the case ; turn the two 
■resting in the notches, put a bar of cups out of a piece of a round carbon 
carbon ; it will much improve it if the rod § in. in diameter, and make the 
carbon is heated red-hot and plunged l«dl out of a piece of round carlwn rod 
into mercury. Tlie microphone is now /g in. diameter. Secure one of the 
complete. To connect it, join one cups to the centre of the wooden case 
terminal of microphone with one pole of the teleplione by a small screw, 
of the battery and the other with one and the other cup to tlie centre of the 
pole of the telephone ; tlic second ter- diaphragm of the telephone by a lejwien 
miiial of the telephone is joined with rivet ; pkce the carhon l>all in thecup 
the other of the bittery. (E. 11. Hills.) which is secairerl to the case, and place 
(6) The following arrangement of j the diaplmigm with the cup attached 
microphone transmits speech clearly. ' 

The sketches are sectional (Fig. 183). 
fit, side of 1k),\ ; b, one of two pieces of 

fjlfT 

a l a. I 
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copper between which the horizontal 
piece of pencil carbon c is spindled so 
that one end rests lightly on the other 
piece of pencil carbm c, which is fixed 
upright ; h, the two pieces of copper 
mentionedljefore ; end of the hoiizon- 
tal piece of carljon, under which a fine 
watch-spring / passes. One end of the 
spring f is screwed on to a wotxleu 
block c. Tin; pressure of the spring / 
against the end of the carlwn c is regu- 
lated by the screw d, which j)as8e8 
through it. Use a Bell’s telephone as 
the receiving instrument. Speak in a 
low clear tone (juite close to the micro- 
phone, and if the voice cannot be heard 
well atthe otherend of the line, tighten 
the screw d, thereby ejising the pressure 
of the spring / against the carlwu c. 
On the other hand, if too much vibra- 
tion is heard, loosen d a little. Use 
either a small bichromate battery, or 
a single No. 2 Leclanch6 cell. (‘ Eng. 
Mecl?') , 

(7)' €up5and-ball Microphone (Fig. 
184). — To (Jonstruct the cup-and-ball 
miorophone, take the case of an ordi- 


to it in its former position in the tele- 
j)hone case, liaving of course first 
carried a wire from each carbon cup to 
a terminal screw ; see that the two cups 
are concentric ; screw in the mouth- 
piece, and the microphone is complete. 
The microphone must Ije mounted in 
ginibds like a looking-glass, and slightly 
inclined backward or forward, until it 
speaks quite clearly, when it may be 
clamj)ed. Each microphone has one 
position in wliicli it speaks best, and 
this position must l»e found by actual * 
trial. If the microj)hone is intended 
for ordinary use the diaphragm should 
be made of thin deal, straight-grained 
and about J in. thick ; after ]-he carbon 
cup is attached, the wooden diaphr^m 
should receive, in the side {^^ainst 
w'hich you speak, a coat of thin white 
hard varnish, put on in a dry room 
with a wide brush. 

In the sketch, a are the carbon 
cups, b is the carbon pea, d is the dia- 
phragm, and the shaded |)art8 represent 
the telephone case, which, as dravim, is 
not closely screwed up. The open in- 
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tenor part of the case, i.er. the part 
whicli determines the area of the free 
vibrating portion of the diaphragm, 
should he 2} in. in diameter ; the other 
dimensions may l)e varied acconling to 
fancy, but the cjirlxm cuf) attached to 
the diaphragm should not be more than 
about j in. in length. There is no dif- 
ficulty in turning the carbon cups, the 
only tools re<iuired being a bradawl, 
wliich makes a capital drill for carl)on ; 
an old file to smooth down the back 
and face of the cup, wliich can, how- 
ever, 1)6 done with emery-paper ; the 
stump of any old small chisel ground 
to a long cutting slo})e ; and a fret-saw. 
It is desirable to turn a small piece of 
box-wood to such a shape as will fit 
into the cup when completed, and by 
pushing tills lightly into the cup 
wliilst it is running in the lathe, the 
interior of the cup will be smoothed, 
and in many cases polished. To make 
tlie ball, chuck a piece of in. round 
carbon rod, and at the end turn a 
round head, like the head of a pawn 
in a set of chessmen ; get it as nearly 
round as possible— a file is the best 
tool for this — and then cut it off ; rub 
off any projections on emery-paper. 
The remainder of the process may be 
done in two ways. (1) Tack a sheet 
of emery-jiaper on a board, secure an- 
other piece of emery-paper to a conve- 
niently-shaped piece of wood with a 
flat face ; put the carbon jiea on the 
emery-pajier tacked on the board, and, 
with the other piece of emery-paper- 
covered wood, rub the pea about in 
every direction between the two, and 
with a little care the pea will becxime 
nearly a true sphere. (2) The other 
way, advised by Ye^ites, of King Street, 
Co vent Garden, is — take a piece of sheet- 
steel about as thick as a screw-blade, 
and about 2 in. long by | in. wide, soften 
it, chuck it by means of sealing-wax ; 
d^ a hole, about | in. in dismeter, 
through the centre — the exact centre 
is not required ; then with a very jfceew- 
edged tool ^large this hole to about 
A in. diameter, and take care tliat the 
edges of this hole are left sliarp and not 
rounded; then harden the plate as 
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I hard as you can make it. Take the 
' carbon pea which you have roughed 
! down ill the lathe, put it in the hole 
j in the steel plate, rub it round in every 
' direction between the finger and 
! thumb, and after a while it will pass 
j through the hole and Ije almost a true 
I sphere. I have made the carbon lialls 
I by l>otli these processes, and though 
I the latter is by far the more accurate, 

I the former has answered very well. 

. One plate will make a great many balls. 

' In all microphones, the points actually 
in contact, or which regulate the 
current, oxidize, and when tliis is com- 
plete, the current \\'ill not pass. In 
this cup-and-ball microphone, fresh 
surfaces are constantly coming into con- 
■ tact, and a shake will always ensure 
' this. If the microphone is properly 
constructed, the l»all should rattle 
loudly when the microphone is sliaken. 
In screwing up the microphone, the 
diaphragm should not be pinched too 
tightly . The best way is to screw it up 
I a littie too tight, and then slacken it 
I slightly. This microphone need not 
be round in shape ; it can easily be 
made square, in which case the dimen- 
sions should not be less than 4 in. by 
3 in., and a mouthpiece may be dis- 
pensed with. I have made a micro- 
phone with four sets of cups and balls, 
the diaphragm being about 7 in. in 
diameter, and the cups arranged with 
three pairs equidistant in a circle Sin. in 
' diameter, and the fourth pair in the 
I centre ; the cups in tlie diapliragm 
being connected together, and the cups 
I on the back or case also connected ; 

I with this arrangement, a very strong 
battery may be used, when the articu- 
lation is a little louder, but scarcely so 
distinct as with one pair of cupd only. 
If a multiple microphone is inade up, 
the cups should not be less than in. 
nor more than 2 in. apart. 

The receiver is made as follows : — 
Take a round piece of mahogany, or 
other dry wood, 2 in. in diameter and 
I in. tliick ; in the centre make a cir- 
cular hole the size of a sixpence to take 
the electro-magnet : on one face mark 
a circle the size of a bronze penny ; just 
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outside this circle, and touching it, 
make three holes equidistant from one 
another, and the size of No. 9 B.W.Q. 
iron wire ; in each hole jmt a piece of 
this iron wire, long enough to project 
a little from the wood on each side ; 
the electro-magnet is made of a piece 
of the same No. 9 B.W.G. iron wire, 
slightly less tlian 5 in. long, and the 
reel is the size of a sixpence, J in. long, 
and wound with No. 36 sii-cover^ 
copper wire ; the electro-magnet is 
pla^ in the hole in the wood, the 
end of the wire is carried out to con- 
nect with the terminals, and the whole 
is boiled in paraffin. Two pieces of 
thin wood, about in. thick and 2 in. 
in diameter, are also required. In one 
a recess is made the size of a penny 
and rather less than ^ in. deep ; in 
the other a similar recess, but with a 
central aperture about \ in. in dia- 
meter, to permit the sound to escape ; 
two discs of thin iron, 5 mil. thick, or 
ferrotype plate, are also required. 
Take the disc of wood containing the 
electro-magnet, the wires of which 
have, of course, been led to convenient 
terminals, file down the ends of the 
three iron wires on one side of the disc, 
until one of the thin iron discs, when 
laid upon these three iron wires, will 
idmoBt touch the core of the magnet ; 
let this plate remain on these three 
wires, put on the recessed disc of wood, 
which is without the central aperture, 
and secure it by three screws. The 
setting of the other thin iron phte re- 
quires more eare, but is done in the 
same way, the projecting ends of the 
thin wires being filed down until the 
other thin iron plates, when placed 
upon them, and the whole put in circuit 
with an articulating microphone, speaks 
dutinctly : the recessed disc of wood 
vi^th the central aperture is then placed 
upon the iron plate, and secui^ by 
three screws, which must not be 
^ighten^ too much, or the plate will 
not l|>eak clearly. We have now an 
electi^magnet between two thin iron 
^ platbs, wiimh plates are in metallic con- 
nection with one another by the three 
iron wires one platebeing adjusted at 


the best Ispeaking distance from the 
core of the magnet, and the other plate 
as near to the core of the magnet as it 
can go without toucliing it at any 
time. 

The above directions will enable any 
one to make both the cup-and-ball 
microphone and the electro-magnet re- 
ceivers ; but remember that a good 
receiver is of no use with a bad trans- 
mitter, nor a good transmitter with a 
bad receiver. I have had these instru- 
ments in use for two years : they work 
admirably and give no trouble. For , 
telephone work, I prefer the gravity 
Baniell battery to any other, but 1 
intend to try the iron perchloride 
battery. (H. B. T. Strangways.) 

(8) Fig. 186.— The diaphragm is con- 
structed of white or yellow pine, four 
holders are glued to the sound-board, 
and, when dry, the pencils are put in 
place loosely by placing the remaining 
four holders. Connectiops of copper 
wire, cleaned well, about No. 30, are 

E lae^ in the grooves in the carbon 
olders, twisted up, and a touch with 
soldering-iron afterwards makes all se-^ 
cure. On theopposite side of diaphragm 
is l%htly glued a rubber-ring, about 2} 
in. in ^meter, which rests when in 
box against tlie front, and the pressure 
is regulated by ^ in. thick and 5 in. 
square; on theedgesare glued two strips 
of wood a, about ^ in. thick, shap^ 
like a brid^, about ^ in. at the middle 
and tapering gradu^ly at the ends ; 
these are glued across the grain, and 
prevent the sound-board h from twist- 
ing. The carbon pencils c are made 
from electric - light pencils No. 2, 
obtained from any electrical supply 
house, and the pencil'holders n^m 
No. 5 pencil. The pencil* are 2 in. 
long, neatly filed to a point, and fitted 
into a small leaden tul^ d. The tube 
used for pneumatic bells answers well. 
Bound the carbon is glued a leather 
collar e, which secures the lead in place, 
and acts as a damper in preventing the 
sound given by the carbon itself. This 
is hea^ if a small piece of carbon is 
struck, and is the cause of the metallic 
noise so often heard in miorophoBes. 
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The length of the leaden tube hIiouW 
be 1 ^ in. 

The pencil -holderH are cut alx)ut 
in. long, a hole is drilled half-way 
tlirough, and a groove is cut round, as 
at/; a screw fikd to a square, and 


switch and bell. The angle of micro- 
phone box is 10® to 12”. 

(9) Fig. 186. — The instrument con- 
sists essentially of two springs secured to 
a small base-piece, and each supporting 
at its upper end a piece of ordinary bat- 




moved by a key. This rubber-ring 
acts as a dam|)er, and prevents noise 
and rattling. 

The sound-lxwird is fastened to the 
inside of the Ikjx by a leather liinge 
glued along the upper edge ; and on.a 
slip of wood, the tliickness of rubber- 
ring, a small spring presses at the lower 
edge of Ixxirtl, which keeps it close to 
the screw //. 

The sound-hole in mouthpiece is 1 in. 
in diameter, and the l>ox is matle of 
well-seasoned mahogany, J or | in. 
thick, solidity being essential ; the in- 
ternal diameter of is about 5^ in., 
leaving a space of about ^ in. all round 
the b^rd, except at the upper edge, 
where the leather hinge is glued on. 

When the adjusting screw allows the 
diaphragm to press lightly on front of 
box, the instrument is in order for 
speaking, and 8 to 10 in. distance gives 
^t-rate results. The voice should be 
just^ as in ordinary conversation ; 
music, such as violin, is l)eautifully 
heard through a telephone-receiver, 
■^o or three Leclanch6 cells are suffi- 
cient for ordinary purposes. The 
nucrophone can be used well without 
induction-coil, and can be fixed to any 
of the existing ammgements with 


tery carbon. These two pieces of carbon 
are placed in light contact, and the 
two springs are placed in an electrical 
circuit in which there is also a receiv- 
ing telephone of the Bell form. The 
instrument is represented secured to a 
small sounding-board. Thetwocarbon- 
supporting springs are listened to a 



single base by the binding-posts which 
receive the battery wires. An adjust* 
ing screw passes tlirough one of the 
springs at or near its centre, and bears* 
against a rubber button projecting from 
the other spring. This simple device, 
when plac^ on a table, indicates in 
the receiving telephone the slightest 
touch of the finger on the table or <m 
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the instrument. Blowing on it makes 
in the receiving instrument a deafen- 
ing roar ; drawing a hair or a bit of 
cotton across the carlK)n is distinctly 
audible in the recei\ing instrument. 
When the device is placed on a small 
sounding-board, every sound in the 
n)om is received and transmitted. An 
ant running across the sounding-board 
can Ikj plainly heard, and a touch upon 
the instrument or tlie table which sup- 
ports it, wliich without the microphone 
would be entirely inaudible, can be dis- 
tinctly heard in the receiving telephone 
by aid of the instrument, even though 
miles intervene. When it is placed on 
a violin, blowing lightly upon the 
strings produces ajolian liarp tones in 
the receiver, and a song sung to the 
violin is rendered in the I’aceiving in- 
strument with an aeolian harp Jiccom- 
paniment. When mounted on a violin 
or sounding-board it will transmit arti- 
culate speech, uttered in any portion of 
a room of ordinary size ; it will receive 
and transmit the music of a piano, and 
even the sounds of turning the sheets 
of music may be heard. Whistling, 
flute music and other sounds are trans- 
mitted with their characteristics of 
volume, pitch, and timbre. This in- 
strument, although so very simple, is 
capable of doing all that has been done 
by other instruments of an analogous 
character, and it will be determinetl by 
further experiment whether it will do 
more. Although carlwn contact points 
are prefemble, they are not absolutely 
essential to the operation of the in- 
strument, as metallic points will do the 
same things, but not so satisfactorily. 
(G. M. Hopkins.) 

(10) Microphone for Reproducing 
Speech (Fig. 187). It consists of a box 
of thin wood, the front of which is per- 
forated with a hole large enough to 
receive the tube of a common string 
telephone, the ‘parchment membrane 
d, stretched over the inner end of 
wbk^h, is kept level with the surface 
of the hoard on the side at which the 
microphone is placed. Tlie membrane 
d carries in its centre a small piece of 
. metallised pine charcoal c, which is 


connected by the wire f/ and bind- 
ing screw k to the hittery wire. A 
vertical lever delicately pivoted on two 
|K)ints at h, carries at its upper end 
another piece of similar charctMil p, 
which is lightly 
pressed against 
the piece c. The 
lever is connect- 
ed with the cir- 
cuit by means of 
the wire and 
binding-screw J, 
and the pressure 
with wliich it 
liears on the 
cliarcoal, carried 
by the mem- 
bnine d, is regu- 
lated by a light 
I spring and silk 
I threjid actuated 
by the tension 
screw t. With a 
battery of six or 
seven Leclanch^ 
cells, worils can Fio. 187. 

1)6 transmitted 

.and receive<l; but they, are always 
much less accentuated tlian with the 
Bell telephone. The apparatus, how- 
ever, appears to be a neat and handy 
form of microphone to employ for 
speaking purposes, and can be made 
very cheaply. (Tin du Moncel). 

(11) Hughes’s Microphone. — In 
order to hear the tramp of a fly, the 
microphone is constructed as in Fig. 
188; tt, stick of carbon (preferably 
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the round compressed pencils used for 
electric light), pivoted on its brass 
support at c, and resting by the slight 
pressure of its weight upon a small 
block of metallised charcoal (blow-pipe 
box-wood, or any hard conduoti^ 
charcoal will serve) ; the wires are 
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connected to the pivot sup^rt at c, 
and cliarcoal h. Tliis structure is 
fastened to any small board d of pine, 

I in. thick, and ;i in. or 4 in. square. 
This will also perfectly transmit articu- | 
late speech if spokcji to not closer i 
than 1 ft. ; if louder tones are desired | 
jmt a small weight on n, and s|)eak 
within a few iiKihes of the inicrojdione. 

(12) Makinj' Plates for >ricrophoneB. 
—The following process for making 
very thin plates for microphonic pur- 
poses is given by Trichasson, of Mour- 


quired thickness has been reached. 
When this is attained, the plate is 
washed several times in water to 
remove the black layer of oxide. The 
plate is then allowed to dry, and after- 
wards varnished on both sides with 
Japan varnish to prevent oxidation. 
This process permits of making micro- 
phone and telephone diaphragms as 
thin as may be desired, and at little 
cost. 

(i:3) Fig. 189 is a microphone which 
any penson who lias the materials at 
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melon-le-Grand. A hheet of ordinary 
tinned iron of any thickness is cut into 
plates, and rubbed vigorously on Iwth 
fiwes with a dry linen cloth. This 
operation is to clean away all grease. 
A plate is then taken and plunged ver- 
tically in a l»ath of nitric acid until it 
is entirely immersed. Acid which has 
already served in Bunsen batteries will 
answer very well, or better still, the 
nitnc acid of commerce, diluted with 
J water. Jt is necessary to remove 
the plates from the bath from time to 
time, in order to see whether the re- 
4 


hand can easily construct for himself. 
The vibrating plate A consists simply 
of a visiting-card of medium thickness 
cut square. Such a shape is much 
lietter tlian round, as the latter, 
although more elegant in appearance, 
does not give so go^ results. To this 
card are affixed by means of sealing- 
wax three thin and light discs of carbon 
B B B of the kind used for the electric 
light. These three discs occupy sym- 
metrically the three apices Of an equi- 
lateral triangle, and are put into com- 
munication by means of copper wires 6. 

X 
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With this object in view, a small apef- 
ture is form^ in each disc, and into 
this is fixed the extremity of a copper 
wire either by cement or friction. The 
copper may l)e advantageously replaced 
by platinum. Finally the three wires 
are united. 

The rest of the apparatus consists of 
a square wooden base M, which sup- 
ports three prismatic carbon rods CCC, 
that exactly correspond to the three 
discs BBB. The two rods CG communi- 
cate by copper or platinum, wires dd 
with the same terminal D. The third 
rodC communicates alone with a second 
terminal D. The upper extremity of 
thesecarbon rods must be chisel-shaped, 
such a form having been found to give 
the best results, inasmuch as the con- 
tacts become fewer in this ctise. The 
rods are fixed to the wooden base by 
means of sealing-wax. I 

The theory of this microphone is j 
very simple. The current enters, for ' 
example, tlirough the terminal D, fol- 
lows the rod C and then the disc B. 
From the latter it passes through the 
wire 6, into the disc BB, to return to i 
the terminal D, in traversing the two ; 
rods CC. ' 

This little instrument will prove 
very sensitive to the voice and all i 
noises, providetl that the plate A be 
given a proper weight, one that is ^ 
neither too heavy nor too light. If 
this be done, the voice of a person 
speaking in an ordinary tone may be 
distinctly heard at the end of tlie 
room that contains the microphone. 
The sounds of a piano are particularly 
well rendered by it. The apparatu.s 
must be placed upon a table at a dis- 
tance of two to three yards in order to 
«ipfotect it from tlie jarring of the earth. 

** Two or three Ijeolanche cells will be 
sufficient to operate the instrument. | 

The more modern form of transmitter 
used in telephone work is that due to 
Bkmnip^, the inventor, who origi- 
nated the idea that by liaving two sur- 
ftMJes, of tjonducting material placed 
opposite ,onft ' another, and the inter- 
vening space filled witli grains of carbon 
(about the size of fine gunpowder) a 


greater nutnber of fine contact points 
would be made to respond to the 
vibrations, and the alterations to the 
current would be very great and pro- 
nounced. This proved to be so, and 
a remarkaldy efficient microphone 
transmitter was the result. The 
“Hunnings” transmitter in a simple 
form is illustrated at Fig. 190, this 



Fig. 190. 


being a section of the instrument. C 
is a wooden or ebonite case with funnel- 
shaped mouth-piece (against which the 
voice is directed) at F. A circular 
diapliragm kas its usual position at D, 
while at the back of the case is a tliin 
disc of carlion, E. Between this back 
disc and the front diaphragm the space 
S is loosely filled with granular carbon. 
The line connections are taken from 
the Ijack disc and from tlie front dia- 
pliragm as shown. 

Fig. 191 illustrates another example 
known as the “ Bjng microphone or 



Fig. 191. 

transmitter. This illustmtion only 
i shows the active jiarts in section, the 
j case lieing omitted to make the de- 
I scription clear. In this there is the 
j customary diaphragm marked D, while 
: E is a moulded carbon back plate. 

1 These two parts are kept separate by 
a ring of non-couducting material at 
' N. Another ring of similar material 
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exists at M, but this usually cohsists 
of cotton wool. Cotton wool figures 
in many transmitters, as it acts as a 
damf)er or delicate cushion to the dia- 
phragm, besides preventing contact 
l)etwcen the front and back portions 
where necessjiry. The requisite con- 
tact occurs through the carlx^n grains ' 
enclosed in the cuj)-sliaped space (’, | 
and this granular material gives the , 
desirable eftect of the Hunnings in- | 
vention. Connection is nnide with ! 
the diaphragm and with the screw at ■ 
the l)ack of the instrument as shown, j 

One of the most complete and effi- 
cient forms of transmitters adopting 
the " Hunnings ” system is the “ Hun- ! 
nings-conc Deckert.” This resembles 1 
the last in liaving airbon electnxles, ' 
tliat is, a carbon diaphragm in front j 
and a carl)on back plate ; and the sjmm'c 
between the two accommodates the 
carbon grains. The jjeculiar feature 
of this instrument is the form or design 
given to the front surface of the back 
electrode. It is moulded with a sur- 
face consisting of a numljer of sejuare 
conical projections or pyramids, and 
each pyramid has a small tuft of silk 
on its ajKsx. These tufts of silk act 
as a danijwr, also as a non-conducting 
barrier Ixjtween the two electrwles. 
They also serve the further useful 
purpose of preventing the carbon 
grains from shifting and clogging in a 
mass at one side of the sjwee they 
•occupy.* 

The diaphragm is partially lined 
with a ring of cotton wool, the object 
being to confine the contact to the 
■centre, wlxere the vibration is most 
active. In the complete instrument, 
one connection is taken off the screw 
in the back electrode, but the other 
•oonnection is taken off the case, which 
is in metallic contact with the dia- 
phragm. There is no electrical contact 
between the liack electrode and the 
case, as the ebonite back to the latter 
offers no opportunity for tins. The 
metallic front part of the case, how- 

* The grains are not packed in tight, only 
enfficient being put in to fill the space rathw 
'■loosely. 


ever, is secured tight against the edge 
of the diaphragm, so that a connection 
taken from the case is as good as one 
taken from the diaphragm itself. The 
front mouth-piece is the usual detail 
with all transmitters, that the voice, 
or as much of it as possible, may be 
concentrate<l and directed on to the 
centre of the diaphragm. 

Induction Coils and their 
Uses.— Batteries providing a current 
direct from transmitting to receiving 
instrument are of little use for long- 
<listancc work ; in facd, 100 yd. is 
quite the maximum distance that 
should l)e worked in this way, as such 
an excellent aid exists in the adoption 
of the Induction Coil. Even between 
a house and stables this adjunct may 
1)6 necessary, and l)e tween house and 
lodge gates it is nearly always requisite. 

By meiins of the induction coil the 
disbmee between instruments can l)e 
calculated by miles, with practically . 
the same bittery power. In fact, 
where first cost is not all-important, 
it is as well to use the better forms of 
transmitters, like the Hunnings-cone 
Deckert, with induction coils, for 
residential work, in lieu of tlie cheaper 
instruments that are presently referred 
to. 

The principle of an induction coil is 
that the current set up in an insulated 
wire by a l)attery can transfer, induce 
or set up a current in another insulated 
wire that is suitably associated with it ; 
furtheimore, that the current of the 
first wire can be increased in force 
(though weakened in quantity) when 
transferred to the second, and by this 
means it can travel further owing to 
its greater ability to overcome reswt- 
ance. Fig. 192 will explain the method ■* 
of associating the wires. M represents 
an electro-magnet, and on this is fivst 
wound a few turns of a moderately 
thick insulated wire. This is called 
the primary coil, and connected v4th 
it is the battery and the microphone * 
transmitter. Around the primary 
coil comes the secondary coil of thin 
insulated wi»'e, the number of turns 
this has greatly exceeding that of the 
X 2 
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primary coil. Connected with, or we 
should say a continuation of, this coil 
is the line wire or circuit having the 
receiving instruments on it. I’he 
finished coil nenirly always has a 
cartridge-like apj)earauce. 

With tlie liattcry connected as just 
xf»lained, there will l )0 a magnetic | 
eld created around (lie core within ' 


Circuits for Domestic Use in 
Residences, etc —There is no 
douht alKuit the utility of the tele- 
])hone for domestic jmrjioses, but 
liitherto the {‘ost has been somewhat 
a bir to it." ad(*ption, and there lias 
not lieeii the .simple form of instru- 
ment we tiow lja\e, which can lie 
in.serted in exi.simg electric bell cir- 



the coils wliich v'ill genenite currents 
ill the secondary coil, rejiroducing the 
sound waves projected against the 
diaphragm of the microphone. Were 
it not that the word has a different 
electrical meaning, we might call this 
instrument a transformer, not that it 
transforms or alters the alternntion.s 
in the primary current, hut that it 
transforms a short-distance current 
into a long-distance one, and this 
without aid or sfKJcial expenditure of 
battery power. Fig. 193 shows in 
simple diagrammatic form how the 
different connections come.* 

* It would not do to connect up a circuit like 
this 1« done witboutfuriberprovtslonal details. 
As it is her^ idiown the battsry would mjuii 
beoomo jexhausted as no means are provided 
lo stop the current when the apparatus Is not 
tn use. Neither Is any ranging device sliowu. 
The dia^siQ is given to hxplaiu the induction 
c<^ft connections. ^ 


cuits. The latter, of course, makes a 
great difference, as ijuite the major 
proportion of houses have the bell 
circuits alrewly, and these are practi- 
cally an inducement to having the 
telephone intnxluced. 

The fixing is exceedingly simple, it 
not being even necessary b) expose or 
cut the existing wires, so that in the 
case of bell wires l;eing carried behind 
the plaster of walls immediately they 
leave the pushes, as U usually the 
case, there is no occasion to expose 
them and do injury to the decoration. 
The fixing is done by connecting the 
two terminals of the telephone with the 
two springs of the push, as Pig. 194.* 

. • This represents the “ Hoiisebold " tele- 
phone made by Gent and Co., Faraday Elec< 
trical Works, liClcester. 'I bis firm has kindly 
supplied most of the following dlt^rams id 
wiiiDg. 
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The same method of co»inectioii is 
adopted \vli('!i a circuit is newly erected, 
as can U; understood by the diagram, 
Fig. 19r>. This shows how to coimect 


servants’ offices, it is rarely considered 
desirable to prf>vide means for the 
ser\ants to ring up their employers 
wlien they think proper. Tliis may 



three or any number of stations, to 
ring up and communiaite with one 
station ; but the latter ainnot ring up 
either of the former. This is the 



method usually adopted in residence 
works, for, although the master of 
mistress may desire to ring up and 
converse to and fro with those in the 


be wantod sometimes on business 
premises, and the wiring that is suit- 
able will be found described later. 

For the insertion of the “House- 
hold ” telephone in an existing electric 
bell installation with indicator, the 
connections are equally simple, as will 
be seen by the diagram, Fig. 196. 
This illustnition shows the extra 
wiring that is required in dotted lines. 
The four instruments in the rooms are 
the circular pattern illustnited at 
Fig. 191, wliile the one near the bell 
has a stjuare l»ick. This latter instru- 
ment is drawn small compared to the 
others, and is in correct proportion to 
the IksII and indicator box, whilst the 
1 others, connected to the pushes, are 
shown larger, 

I Fig. 197 illustrates a later form of 
instrument which has been christened 
the “ Transceiver,” owing to its being 
a separate transmitter and receiver in 
the one instrument. This is made to 
l)e permanently attached to electric 
bell pushes, as with the preceding 
example ; or it can be provided with 
the two-pin plug, here shown, which 
enables the user to carry it from room 
to room and use it anywhere that a 
push exists, provided with the neces- 
sary sockets. 

For pircuits outside the house the 
induction coil must form part of the-* 
sending instrument, and Fig. 198 illus 




Fio. 196. 




Telephony Domestic Circufts. 311 

trates a complete transmitfer with the These are lottery -call ” installationB 
coil complete. This illustration intro- (no magneto-call being provided) and 
duces another device, invented by one battery only is required, fixed n^ 
Gent & Co., of Leicester, this being the chief (Central) instrument). Fig. 
an arrangement which prevents the 199 shows a Central and four sub-sta- 
clogging'of tlie carlwii particles of the tions, wliile Fig. 200 includes a Centra] 
microphone. It is considered tliat all and two sub-stations, one on each side. , 
granular instruments are subject to a The princi^l of wiring is identical in 
caking or clogging of the grains, as each. A line is taken from each of 



Fio. 197. Fig. 198 


they are not disturbed in the fixed in- j the switch studs of Central to the first 
struments, and this gradually reduces | terminal of the corresponding sub-sta- 
their sensitiveness. The plan of this tion. Another line is taken from the 
instrument provides for a partial revo- “ home line ” terminal of Central and 
lution of the microphone each time it branched to the second terminal of 
is used, and this is automatically done, every sub-station. Two other lines 
in fact, without the user knowing it. are run from terminals 6 and 7 to the 
The instrument sliown has the bell third and fourth terminals of eveiy 
combined with it, and the whole is sub-station. The Inductor Oil being 
worked by a battery without a mag- inserted in that leading to the fourth 
neto-generator. * terminal. 

Figs. 199, 200 and 201 are diagramsof Fig. 201 shows a set of instruments 

wiring in which an induction coil figures. ' wired for inter-communioation. The 
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necessary cable, with distinctive colour 
for each line, is run Ijetween all stations, 
and T’d off to the different instruments 
as shown, by means of junction boxes. 

One battery only is needed, and is 
connected somewhere about the middle 
of the system. An Inductor Coil with 
three terminals is required, and con- 
nected near battery as shown in dia- 
gram. The numlier of conductors in 
the cable is always two more than the 
numlajr of telephones;-— Thus for three 
instruments use a .5 -lino cable ; for live 
instruments a, 7-line cable. It is well 
to allow a spare line for additional in- 
strument wliicli might be needed. 

Of example circuits in wliich the in- 
struments liave no magneto-call ar- 
rangements yet utilise the earth return. 
Fig. 202 can l)e biken iis the simplest 
that can be erected, tliis r(!|)resenting 
two instruments like th(j last illus- 
trated (which may lie with or without 
the revolving microphone) connected 
up with earth return. If desired are- 
turn wire can bo used ; but if the earth 
is used, then it must l)e what is allied 
a good earth, or the current may not 
return propeily, or at all. Usually a 
gas or water pi[)e is available, and, as- 
suming the pipe passes under the 
ground (as they pnwtically always do), 
the return is connected to this. If 
these are not available, then a pump 
suction pipe, extending down a w’ell, 
can be utilised ; but a pipe leading 
into an uiwlerground cistern will not 
do. If the wire must go to airth 
direct, neither of the foregoing l»eing 
available, then it is usual to connect 
the wire to a copper plate of al)out four 
square feet surfoce, which is buried, 
and a load of small coke thrown in 
around the plate before the earth is 
filled in. It has Iwen found, however, 
that a piece of sheet lead of about the 
same size is practically as good as the 
copper plate. The earth wire should 
be 16 G, or in larger jobs 1,5 or 14 G. 

For outdoor lines a covered wire is 
^nerally used for short distances, and 
is then run along walls or wherever it 
can be most conveniently supported ; 
and, in the case of longer overhead bare 


lines, it is a covered wire that is used 
for “ lesiding-in.” This latter wire is 
the one wdiich connects the outside 
Ijare wire with the house. The covered 
wires can l)e 20, 18, or 16 G, according 
to their lengths, and some care should 
be used to give them the most fovour- 
able conditions the job will admit. If 
allowed to sfig and swing, for instance, 
the covering will be w'orn off, or a 
liadly dnveii staple will do as much 
harm more qui(;kly. Staples should 
be galvanised for outdoor work, and a 
strip of leather beneath is very desir- 
able. It is well to carry the covered 
wires lienejith eaves and in sheltered 
places, as both rain and sun shorten 
the life of the covering. 

Overhead bare wires are generally 
adopted for long outdoor lines, and 
also for short, as it is usually the more 
economical arrangement in any case. 
18 G is used for ordinary spans, while 
16 G is rewirted to when the spans are 
unusually long. These wires, also, 
shouhl be strained up as taut as 
possible. 

The “ leaditig-in ’’ wire previously 
referred to joins the We wire at the 
last insulator (which is placed as near 
the point where the wire enters the 
building as possible) ; and as this wire 
is outside the building the covering 
must l)e of a kind tliat will withstand 
Itad weather. It may be covered with 
gutta-})ercbi, vulcanised india-rubber, 
or tarred tape, and where it enters 
through wall or wooilwork the hole 
should slant upwards that rain may 
not enter. The hole is usually lined 
with lead, coiujh), or porcelain pipe. 

With We line wires, insulators must 
l»e used on the line supports, to pre- 
vent leakage or {xissage of current to 
earth by way of the pillar, wall, tree 
or other object that the support is ob- 
tained from. Insulators are made of 
stoneware, which is a non-conductor, 
and they are of many forms. In every 
case three principal things are aimed 
at. First, the insulator must form' 
convenient attachment for the line 
wire ; next, it must offer no opportu- 
nity for the current from the bw^e wire 
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to pasK to the ir«niwork which Mipports | 
the eiirtheuware ; thirdly, it must not , 
admit of becoming wet with rain at all | 
parts, otherwise the film of water will , 
act* as a conductor for the current to I 
pass from the wire to the support. I 

When utilising trees as supports, it 
must be seen that Iwughs do not 
touch the wire either when borne about 
by the wind or weighed down by 
water. When |K)1 c 8 are used the tops 
are protected with zinc or lead caps, 
otherwise the weather acting on the 
end grain will quickly cause the wood 
to rot. In attacliing the line to the 
in.sulator it is l»est to first closely 
bind over the line, where it comes 
against the insulator, with binding 
wire, thus afibrding protection to the 
line ill case it chafes. The s»mie biiul- 
ing wire — IS G soft copper — is used to 
secure the loie to the insulator, draw- 
ing the line w'ell into the gro<we and 
securely holding it there. Afterwards 
it can Ije soldered, and it may be noted 
tliat in soldoring the line wire at any 
iwint it should lie done (juickly with- 
out e.vcesB of heat, as otherwise the 
joint may prove to lie a weak place in 
withstanding strain. The distance 
between supports (insulators) should 
not exceed 100 yards unless absolutely 
necessary. This distance should be 
considered tlie maximum ordinary 
span, and a little less span is best 
whenever convenient. 

A further diagram of a complete 
circuit (without magneto-bell) is given 
in Fig. 203, wliich is an arrangement 
the reverse of tliat given for domestic 
work, as with this it is planned tliat 
one station can call up any one of four 
others (or more) without being called 
up itself. This would be adapted for 
a gentleman’s study, that he might 
communicate with lodge-keeper, estate- 
man, stables, etc. ; or, for business 
purposes, the chief office would be 
enabled to call up foremen and others 
in their offices. Conversation both 
M»yg would be carried on once com- 
munication was made from one to the 
other, but afterwards the switch 
^ould entirely cut off connection, ' 


The switch being in the chief office 
gives the occupant of this room entire 
control over all lines. It would, how- 
ever, be possible for one of the other 
stations to call up the chief office if it 
was desired and previously arnmged. 
To effect this, the chief station inirtru- 
ment would have a call bell like the 
others (as illustrated), and the switch, 
when the circuit was not in use, would 
be always left upon the stud connect- 
ing the favour^ station. Thus ar- 
ranged, a call could lie sent equally 
well either way, but the other three 
stations would not participate in this 
advantage. (The Sloper system gives 
intercommunication between different 
points with a single switch, as will be 
found explained directly). 

Fig. 204 sliowB another wiring system 
by which a chief office can communi- 
cate witli two sub-offices and can also, 
when desired, switch the two sub- 
offices into connection with one 
another. A relay liell is shown in the 
chief office (jtrr Relays, later). 

Fig. 20r> shows the plan of wiring by 
which a central office can call up any . 
sub-station, and any sub-station can 
call up the chief office, but the sub- 
stations cannot communicate with each 
other. No switching is needed in this 
case, as it is done automatically. This 
illustration shows an indicator, which 
in this work is called an Annunciator. 
This instrument automatically puts 
the chief offices into connection with 
whichever sub-office should make a 
call, and indicates where the call comes 
from. It is necessary to reset the 
indicator when conversation is finished. 

Fig. 206 is the wiring of three sta- 
tions, any of which can call or be 
called by either of the others direct. 

Fig. 207 illustrates an Exchange 
System. Any station can ring up 
Central (and vice versa) and Central 
can connect up any two stations. ^Hiis 
illustration is for continuous ringing. 
For non-continuous ringing the con- 
nections would be as Fig.208, Either 
of these two examples can be arranged 
for battery-call or magneto-call. 

Fi^. 209 shows a pair of magneto 
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telephoneinstruments 
with connections be- 
tween two points. 

In Fig. 210 is an ex- 
ample set of wires, 
introducing “ Sloper s 
Patent ’’intercommu- 
nicating instrument. 
Witli these arranged 
in this way, any one 
station can ring up 
and converse with tlie 
other, and th^ mecha- 
nism is such that when 
two stations are com- 
municating they get 
a complete eloped 
metallic circuit con- 
necting these two 
only, so that cross 
talk is avoided and 
also listening. Only 
one switch is required 
to each, and this can 
be left in any position 
after communicating, 
without stopping or 
effecting further calls. 
It is an ingenious and 
good instrument, and 
no extra wiring is 
needed . The ill ustra- 
tion shows two cells 
in the nuicrophone 
circuit. If only one 
is requiretl, which « 
generally sufficient, 
the wire from third 
terminal of telephone 
is connected to the 
next carbon terminal 
to the left. Connec- 
tion between any two 
points can be left out, 
if desired, without dis- 
turbing the remainder. 

Magneto-call 
Instruments.— 
For long distance 
work, or whenever it 
is desired to avoid thfi 
UB3 of a batteiy tor 
ringing, magi^to-beUi 
are used w^th the 
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telephones. The principle 6f the 
magneto instrument is that if a con- 
ductor is moved in a magnetic field 
it will have currents generated in it, 
?ind these cuirents will vary with the 
movements of the conductor to or 
from the field. The details of the 
instrument are, first, a pair of (or 
three) magnets braced together, these 
presenting, of course, three north and 
three south poles. Between the poles, 
where the magnetic field exists, the 
conductor is made to revolve, tJus 
being a soft iron armature or core, 
over which, lengthways, is bound a 
quantity of fine insulated wire. This 
armature is supported on suitable bear- 
ings, but iii'-'tead of having its axle con- 
nected direct to the handle which 
causes it to turn, a pair of wheels 
are used which multiply its speed of 
revolution, which is thus made high. 
The rapid revolution of the armature 
causes alternating currents to be set 
up — that is generated— in the fine wire 
(which has a high E.M.F.), and the 
current is capable of overcoming a 
considerable amount of resistance. 
Tliat the wire of the armature may be 
properly connected with the line wire, 
the axle or spindle of the revolving 


marked P. This small pin is also in- 
sulated from the core by a lining of 
vulcanite. The current is taken from 
the larger pin by a spring which is 
arranged to press against it. A special 
form of l)ell is needed for this current, 
and Fig. 211 shows the principle it 



works upon. The alternating current 
makes the top armature rock as rapidly 
as the current alternates, causing a 
succession of rapidly delivered blows 
to be dealt on the bells above. Fig. 
213 shows a magneto-generator and 
bell in case complete. When the 
receiver is on the hook of a magneto 
instrument the generator and bells at 
both ends are in connection. Thus 
the turning of the handle sends a 
magnetic current to make a call, and 
then as soon as the receiver is lifted 
off the hook for application to the ear 
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armature requires to be suitably made, 
otherwise the wire would be twisted 
up and broken in a few moments. 
Tms is usually done as Fig. 212, which 
shows the spindle with one end bored 
out about three-quarters of an inch 
deep into which a pin is inserted with 
a vmoanite lining around it. This in- 
sulates the armature core from the pin, 
but the current from the armature 
wire is made to pass by the small pin 


the battery circuit is completed and 
converaatiou can take place. It should 
be noted that annunciators as well aa 
bells have tto be differently constructed 
for magnetic currents than for battery 
currents. 

Lightning Arre8ter8.--All tele- 
phones, excepting those for ind^ 
! circuits only, should be fitted with 
j lightning arresters, a device by which 
I lightning is conducted to the earth 
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should it discharge itself to any extent seta, th4 line wire having a connection 
through the line wire. The silk or with one half while the other half is 
cotton insulation of telephone wires connected to earth (either to the earth 
is amply sufficient to withstand the low wire of the instruments or separately), 
force employed in this work, but no The arrester relies for its efficiency 



largely Ufion the 
tendency that elec* 
tricity lias of dis- 
charging itself from 
and to points, as- 
suming, of course, 
that the points are 
not too widely sepa- 
rated. This device 
has the points suflfi- 
ciently wide apart 
to prevent the Ipw 
current used for the 
telephone from 
jumping acToss, but 
with the E. M. E. 
of lightning the cur- 
rent pisses almost 
the same as if they 
touched oneanother. 
An arrester with 
three plates is used 
when connected to 
a pair of lines sepa- 
rately from the tele- 
phone. Arresters 
for separate use are 


also made much like 


ordinary insulating covering will resist 
lightning, 'with the result that the 
instruments would Ije destroyed if 
this greatly suf>erior force passed 
through them. Not only are instru- 
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ment ^ete provided witli arresters, but 
cireilmstanoes, or a desire for the ut- 
most safety {wssible, make the use of 
arrWters ^t intermediate points quite^ 
common. Fig, 21 4 is the usual foriu 
^ of arrester that appears on iustrumeut 


the ordinary cut-outs that apjiear in 
electric light circuits. A strip of 
fusible wire introfluced in the line can 
be relied on to stop a heavy charge 
of electricity, and when melted it can 
be easily and quickly replaced. 

Kelays.— A relay consists of an 
electro-magnet which, when a current 
is sent through, causes a contact to be 
made with a liattory in connection 
with it, thus giving fresh force to the 
current on its way. It is a means by 
wliich new or extra jiower can be given 
a current on a long line. Sometimes, 
when the conditions make it favour- 
able, a weak current is used to work 
the relay magnet, wliich then brings a 
moie jsiwerful l^tteiy into play for 
, the work required of it. A “ Belay 
Bell ” is generally tliat which is an 
I extension from the telephone, or it 
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inay be an extra bell as shown at Fig. 
204, in which case it is connected to 
the instrument battery. This is much 
better tliaii attempting to ring a bell 
connected up in series. Continuous 
ringing relays can also be liad, these 
causing the IjcII to ring continuously 
until sto{)pod by the person answering 
the C5iill. 

Kig. 2ir> illustrates one of Gent’s 
relays for telephone work. When the 



Fig. 216. 


armature, which is ordinarily resting 
against the top screw G, is drawn 
down on to the magnet by the current 
which passes through C, it brings about 
a contact l>et'. een A and B to which 
the wires 1) and K of the secondary 
battery are attached. Relays are made 
with single magnet, as shown, or with 
double magnet. 

Home-made Telephone In- 
Btniments. — (a) I have lieen for 
some time engaged in endeavouring to 
arrange a telephone switch-board and 
telephone transmitter wliich should 
be simple, easy of construction, effec- 
tive in operation, and not an infringe- 
ment of any patent. I believe that I 
have fully succeeded in all these ob- 
jects ; a patent for the arTaugement 
could only ha valid as for a particular 
combination of parts, and as the com- 
bination of parts is susceptible of so 
many variations a fiatent would be 
practically useless. The following de- 
scription will enable any amateur to 
make them 

Smtoh-Board. — Take a piece of 


mahogany 8 in. by 4 in. hy 1 in., plane 
it up and varnish it. On the top, at 
a distance of | in. from the top, fix 
seven terminals, ^ in. apart. These are 
numbered in Fig. 216, 1, 2, 3, 4, 6, 6, 7, 
and are for the following connections : 
1, 2, 3, are connected together by the 
bras-s plate as shown ; 1 is connected 
to the return line or earth wire ; 2 to 
the zinc pole of tlie batterj^ ; 3 and 4 
to the bell wires ; 6 to tiie carbon pole 
of the first cell ; 6 to the carbon pole 
of the last cell ; and 7 to the line 
wire. V is a strip of brass with the 
knob K at the lower end ; it is secured 
by two screws at the upper end, and is 
then bent upwards so as to press 
against the bridge B, which is a strip 
of brass secunid by the screws at each 
end, each of which screws passes through 
a piece of brass tube which keeps the 
plate B about ^ in. from the board. 
The piece P is connected by a wire 
underneath the board (all the connec- 
tions are made underneath), with the 
terminal screw 7. Under the knob K 
is a screw with a flattened head, wliich 
is connected with terminal screw 6 ; 
this constitutes the ringing key. H is 
a piece of |-in. brass rod with the hook 
at the bottom, and the round brass 
disc D about ^ in, diameter, soldered 
alwut ^ in. from the upper end ; this 
rod works freely up and down through 
the two pieces of angle brass A. S is 
a spiral spring of brass wire which, 
when the telephone is taken off the 
hook, causes this rod to rise, and the 
disc I) then presses tlie thin pieces of 
hammer-hardened brass C against the 
upper angle brass A. In order to 
ensure a good contact, this strip of 
brass C is slightly canted at the end 
so as to give twq rubbing contacts, 
one against the diw D and the other 
against the upper angle brass A. When 
the telephone is on the hook, the disc 
I) rests on the piece of brass R, which 
acts as a contact and as a stop. The 
total play allowed to D is about ^ in. ; 
the lower angle brass A is connected 
with the bridge B ; the piece of brass 
R is connect^ with the terminal 4 ; , 
and the thin piece of brass C with the 
Y 
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upper hinge. T and T' are brass screws j this to allow the rod H and the ring- 
to which the flexible wires of the tele- | ing key P to move freely. This case is 
phone receiver are attached ; T is con- 1 attached to the hinges marked, and with 
nected with terminal 5, and with ! a face piece of pine al>out | in. thick, 
the lower hinge. M is merely a piece I boxes up the whole of the apparatus, 

leaving only 2 in. of the board 
at the top, and the same at 
the bottom uncovered ; a 
small plate of brass is screwed 
to this box opposite to the 
hinges, and one screw into 
the switchboard prevents 
the box from being opened. 

To the centre of this piece 
of pine the microphone trans- 
mitter shown in Fig. 217 is 
attached. 

This microphone is thus 
constructed ; Take a piece of 
pine about in. thick, I in. 
wide, and If in. long ; re- 
move part of one edge so as 
toleavea projection as shown, 
and about X in. deep, and 


the pine face of the box ; put 
a sawcut down through it to 
within about I in, from the 
bottom. Take two pieces 
of J in. carbon rod, E, in. 
long, and cut a recess in 
the middle of eacli half-way 
through, and a little more 
than X in. wide ; drill a 
small hole in the middle of 
each recess ; bend a narrow 
piece of very thin sheet brass 
over the top of each arm or 
leg of the piece of pine ; 
solder a wire to each piece 
of brass, and then secure the 
carbons by screws to the piece 
of pine as shown in E. 
These pieces of carbon should 
Fio, 216. be parallel, level, and a little 

less than | in. apart; the 
wire from one carbon is 
of ^lahc^ny to which the pieces C and taken to the top hinge, and from the 
B are attached, other to the bottom hinge. Some of 

We now require a square frame of the carbon rods now sold have a coat- 
^ in: mahogany, 4 in. square in outside ing of glaze, which is almost a non- 
measurenient, and If in. deep ; aper- conductor. Always remove this wiUi 
tures are cut in -the bottom side of emery-paper. This piece of pine with 


in. square, by which it 
IS attached to the centre of 
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the carbons attached is now 'screwed other end in circuit with the tele- 
to the centre of the pine cover of the phone. 

box, and care must be taken that it I have omitted to mention that out-* 
does not touch anywhere else, and is side the pine cover to which the micro- 
not touched by anything. The micro- phone transmitter is fixed, I screw by 
phone is completed by making two 


small conical pieces of carbon N, 
as shown, with a small hole in the 
centre of each ; a lucifer match or 
other small piece of liglit wood 
is then filed or sand-papered down 
until it is as small as a knitting- 
needle, and will just g(j into the 
holes in the carbon cones. In 
one carlwn cone, put a piece of 
this wofxl about \ in. long, and in 
the other carbon cone a piece about 
I in. long, and round the bottom 
of each of these pieces of wood 
put a small ring of lead wire ; they 
are then put in position on the 
carbon ro^, and apj)ear as shown 
in Fig. ‘21 7, end view, where E is 
one of the horizontal pieces of 
carbon rod, and N the carlxni 
cones ; they should oscillate freely. ^ ® 

Cut these carbon cones from ^ 
in. rod. 




SECTION 


I do not advise the use of induc- 
tion coils with transmitters, and 
the above-described switch-board 
must be altered and made more 
complicated if they are used ; but 
the arrangement is suited for any 
good receiver. In connecting up 
two stations, it will, of course, be 
remembered tliat the battery con- 
nections at one station must be 
reversed ; that is, the carbon 
wire attached where I have 
directed the zinc wire to be at- 
tached, and the zinc wire attached 
where I have directed the carbon. 

For battery power, I fii^d that 
the battery required to ring a 
fairly good ordmary bell works 
this arrangement well ; thus, if 
two Leclanch4 cells ring the ordin- 
ary bell nicely, then put one 
Ledanch^ cell at each end of the 
line in circuit with. the telephone ; if 
three Leclanch^ cells are required to 
ring the tiell, then put two cells at one ' 
end of the line, and one cell at the i 
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its four comers a piece of cork 3A in. 
square and about \ in. thick, wfth a 
|-in. hole punched out of the centre. 
This damps all the sound vibrations, 
except where they are alone required, 

V 5 
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that is, in the centre where the micro- 
phone in attached, and is a great 
improvement. (H. B. T. Strangways). 

Mechanical Telephony. — A 
good working string telephone' may Ije 
made as follows : Make two tin drums 
6 in. diameter and 4 in. deep. They 
should have a heavy wire formed in 
same as ^ gal. cup. The wire should 
not be less than No. 9. Take raw 
hide that has been divested of hair, 
stretch it over the drum while wet, 
and bind it on with a small wire ; let 
it remain till perfectly dry. A very 
thin hide, such as squirrel, cat, coon, 
is the best. Thick Mde will not work 
well. Now to erect your drum, wire, 
etc. ; having set your posts and put 
up your insulators, which may be 
made of wire and suspended from arms 
which liave been nailed to the posts, 
bore a hole in the wall where the drum 
is to be placed, run the wire through 
your drum and through the raw hide 
in the centre, having a button ready. 
Pass the wire through the eye of the 
button and l)ack through the drum 
and twist tightly, letting the button 
go, resting it on the hide. Put up the 
wire at the different insulators (string 
loop suspenders) till it reaches the 
other end of the line ; then proceed to 
do as at first. If the wire has been 
properly stretched, and all the work 
has been done as it should have been 
done, you will have a good and cheap 
telephone. No. 18 copper wire for 
main line should be used. (‘ American 
Artisan.’) 

Connecting Bells and Tele- 
phones. — (a) Bell and Telephone. — 
ft is a very easy matter to add tele- 
phones to bell signalling appliances, 
when constructed as here described. 
The only additions necessary are a 
branch or return circuit for the tele- 
phones, and a switch operated by 
hand, whereby the main wire is 
swit^ed 'from the bell returp wire to 
thf telephone return wire. A very 
inmpk phm for a bell-call and telephone 
line from one room to another can be 
made as f oUows : Apparatus required 
—two bdli^ two twephones, two 3- 


point switches, two strap-keys with 
back and front contacts, and one bat- 
tery. Run one wire from the stem of 
the key in room No. 1 to the stem of the 
key in room No. 2. This is the main 
wire. Fix the bell and 3 -point switch 
below it in each room. Connect the 
l)ack contact of each key by wire to the 
lever of the 3-point switch, attach one 
of the points of the switch to one of the 
bell terminals, and the other bell ter- 
minal to a return wire. The return 
wire will now connect the second bell 
terminal in one room with the second 
bell in the other room. The other 
point of the switch in each room is 
now connected by a wire with one bind- 
ing-screw of a telephone, and the other 
telephone screw is attached by another 
wire to the bell return. Connecting one 
jMile of the battery also to the return 
wire, and the other pole to each of the 
front contacts of the keys, the system 
is complete. When at rest, each switch 
is turned on to the bell. To ring the 
bell in the other room, the key is 
pressed. The Ixtttery circuit is then 
from battery, front contact of the 
pressed key, stem of key, main wire, 
stem of distant key, switch, bell, and 
through return wire to the other pole 
of the battery. After bell signals are 
interclianged, the 3-point switches 
are transferr^ to the telephone point, 
and conversation can be maintained. 
(Lockwood.) , 

(6) Connecting Bells and Telephones 
by one Wire. — Use a relay, as shown in 
Fig. 218 at a. The switch h has three, 
knobs. Nos. 1, 2, 3. The handles of 
both switches must be turned on No. 1 
when not in use, awaiting calls, both on 
No. 2 for telephonic messages, and 
either on No. 3 for ringing b^ to call 
attention at the other end. It would 
be lietter to have the hell single stroke 
(the connections make the (Mprence), 
and the relay will make it continuous. 
Make the relay of small size, and to fit 
in at the back of the switch. Tbe 
action of the relay is thus Whe® 
handle is turned on No. 3 right-hand 
switch, a current of electric!^ is wkt 
through wire to the other end, throufi^ 
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No. 1 knob to electro-mapfiietnn relay, 
which draws down the spring until it 
touches the other wire, v hich sends a 
current through the battery, and 



Fig. 218. 

strikes the bell. The other connec- 
tions will explain themselves. 

(r) Connecting Telephones and 
Bells.-*-ln Fig. 21 9, d is a piece of brass 



Fig. 219. 


phone by its weight brings h into con- 
tact' with c, thereby breaking commu- 
nication with the sjieakiiig instrument, 
and bringing the liell e into readiness 
for receiving a signal. Directly the 
telephone is removed, d springs up, 
making contact at b a, so bringing the 
telephone into connection with the 
line wire /. As shown in the sketch, 
the bell is ready to receive a signal 
from the distant station, but by press- 
ing down the spring rf (similar to the 
key used for the Morse telegraph), 
you cut off connection at h, and bring 
your own lottery into action, thereby 
ringing the liells. The board should 
bo suspended against a wall. 

(d) Another plan. — Make connec- 
tions like Fig. 220 at Isith ends : a, 
switch; 6, telephone; c.bell; d, battery; 
p, earth (w'ater or gas-pipe will do) ; 
/, line-wire. The switch is made of a 
piece of wikmI with three studs at bot- 
tom, <;onnected with the w ires as shown. 
A strip of brass is made to slide over 
them so as to make contact, and com- 
municate with line w’irc. When not 
in use, the handle must be in contact 



Fig. 220. 


shaped like the shafts of a cart (only with the centre stud at both ends, to 
the telephone takes the place of the call attention at the other station. Put 
horse), secured to the base-board by a the switch to No, 8 stud, which 
short piece of steel spring. The tele- ring his bell for a few seconds^ and put 
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your switch back to stud 2. The other 
station now must just do the same to 
let you know tliat he is there, and as 
soon as the bell stops ringing, move 
the switch to stud 1 to connect tele- 
phones. The other station must move 
his switch as soon as he lias rung reply 
to your call. You can now go on with 
your speaking, and as soon as finished 
move switch to stud 2 at l»th ends. 

(c) Another plan. — The push in Fig. 
221 is of rather jjeculiar construction. 



current, wherefore perhaps it is to be 
preferred. In Fig. 222, a 6 are two 
i switch arrangements, having a movable 
I arm fixed to the top button, capable of 
! sliding over the lower three, and making 
contact with either, c and d are the 
batteries, e and / the telephones, and 
y and k the liells. In the diagram, 
the switches are shown in the position 
in wliieh they are always left after 
using. Then, by turning either of 
them on to the end button, both bells 



A spring a is connected, through a bind- 
ing-screw h, with the line-wire c, and 
is fixed so that the free end plays be- 
tween two contact-pieces d and c, the 
former of which is connected with the 
telephone /, the latter with one pole 
of the Leclanche cell g. The other 
pole of the battery is connected to the 
return wire, or, in the case of there 
being no return wire, to earth. The 
normal position of spring is as shown 
in section, pressing against d. The 
telephone / is thus in circuit. By 
pressing the stud, the spring is brought 
into contact with c, and the bell h at j 
further station rings. 

(/) Another plan. — The following 
me|hod of connecting bells and tele- 
phones epth one wire ^ the advantage 
that the telephones are thrown out of 
the circuit while the bells are ringing, 
and thus not subjected to the battery 


ring, thus letting the ringers know 
that the circuit is complete. The 
BW'itch is then moved b^k for the 
answer. Wlien that has been received, 
both switches are moved to the middle 
button, which brings the telephones 
into circuit, and conversation may be 
carried on. It is necessary to remem- 
l)er to paove the switches beck after 
the conversation is finislied. Tliis 
arrangement is used over oOO yd. of 
uninsulated copper wire, which is car- 
ried over the roofs of several houses 
and across three streets without any 
I insulation whatever, and the gaa-pipe is 
used for the return circuit. It employs 
three Leclauch4 cells of 1 pint capa- 
city ; two were not powerful enough. 
Tins has been in use for several we&, 
and the weather does not seem to have 
had any bad effect on bells or tele- 
phones, A wrinkle connected with 
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the telephone ie, that the stfength of 
the magnet makes more difference than 
some might suppose. A pair which 
were working miserably, when taken 
to pieces, and the magnets re-magne- 
tised, work splendidly. In)U cores 
do not make any j)erceptible difference 
for ordinary purposes, and § oz. of 
wire works perhaps rather Ixjtter than 
I oz., but there is very little difference. 


Tempering and 
Hardening Metals. 

Casehardening.— (a) To case- 
harden iron, procure a quantity of 
old boots or other discarded leather 
goods, burn these until they become 
charred, beat off the black and charred 
portion with a hammer, until suflS- 
cient powdered carbon is obtained ; 
then place this powder with the 
articles to be operated upon in a 
sheet-iron box or a piece of wrought- 
iron gas-pipe sufficiently large, taking 
care that the articles are well covered 
and in the centre of the mass ; lute 
the ends or top of the box with clay, 
and place the whole in a fire made of 
coke, keeping them there for an hour 
or more, taking care that the heat 
shall be equal (between dark-red and 
red); now plunge the contents into 
water. Should the articles require to 
be blue, such as the barrels or cham- 
bers of pistols, repolish them on an 
emery wheel, and put them into a 
sand bath or powdered charcoal, until 
the blue colour is attained, taking 
them out immediately this change 
takes place. The following are mix- 
tures that will do instead of the 
burnt leather : 3 parts of prussiate of 
potash to 1 sal-ammoniac ; or 2 parts 
sal-ammoniac, 2 bone-dust, 1 prusnate 
of potash. Bones, urine, and night- 
soil, are also used for this purpose. A 
simple method of caseha^ening iron 
is to sprinkle powdered prussiate of 
potash over it at a red heat and 
plunge into water ; bichromate of 
potash, with the pith of rams’ horns, 
may be used with good results, instead 
of the prussiate. 

(6) Casehardening consists in chang- 
ing a thin surface layer of either cast- 
iron or machine-steel to hardened steel, 
leaving the interior unchanged and as 
tough as it was before the treatment. 
There ore several methods for accom- 
plishing this end, the comparative 
merits of which wUl not be entered 
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into here ; the best results are oh- and water is used instead of plain 
tained by processes too long and cum- water for the cooling, 
bersome for the ordinary individual Potassium cyanide is one of the 
to use ; but there is a quick and easy most deadly poisons, and care should 
way which, while not penetrating the be observ^ both in keeping and 
metal to as great a depth as might be handling it. It should be kept in a 
wished, is still of sufiBcient service to tightly corked bottle so that the air 
well repay for the small expenditure will not reach it, and should be 
of time and labour involved ; it is so handled as little as possible, and its 
easily done and of such benefit that fumes avoided. Some workers will 
there is little excuse for makers or not use cyanide because of its danger- 
even users of automobiles neglecting ous nature, but use yellow prussiate 
to give at least some of the smaller of potash instead ; equally good results 
parts a hanl ccjating that will protect are sometimes claimed from the use 
them from wear so far as may be. of the yellow prussiate, but it is not 
Bolts, nuts, pins, wrenches, etc., so generally liked, one reason being 
should be casehardened, both to in- that it does not so readily fuse and 
crease their durability and to preserve flow over the work as cyanide, 
their good appearance. Take, for Difierent samples of iron behave 

example, the parts which are manipu- diflerently, some requiring more heat 
lated in tightening clutches and brake than others in order to produce the 
bands ; the screws and lock-nuts are required degree of harness. The 
sometimes so located that the wrench part should not be heated too much, 
will not go on the nuts and screws in or the surface may become pitted or 
good shape, and then, even if the roughened. (‘Horseless Age.') 
wrench fits them, the corners are (c) For oasehardening we use prus- 

liable to become so rounded that it is siate of potash, pulven^ and mixed 
difiBcult to make the necessary adjust- with fine salt, alwut equal parts. We 
ments, and at the same time the parts heat the pieces to be hardened, apply 
are given a most unsightly appearance, the potash and immerse while it is 
which offends the mechanical eye to flowing. I wish to emphasise this, 
no small d^ree. Any bolt or nut Many smiths hold the piece until the 
which requires occasional tightening potash is burned off. Tliis is a mis- 
should be hardened, even if it is so take. It should be dipped while the 
located that the wrench is easily potash is in a liquid state, as other- 
applied. Journals must be hardened wise the piece will not come out as 
if the best service is to be obtained ; | hard as it should. If we want a piece 
there is no question but what harden- i very hard we sometimes use cyanide 
mg a bearing makes it run easier, as | of potassium, and heat in an oi^nary 
well as with less wear. forge fire ; but this method is resi^rted 

Sometimes a special tool must be to only when there are but a few 
made for some special purpose, and if pieces to be hardened, 
it is to be used but little it can often We very often have pieces to harden, 
be made of iron, then casehardened such as steps, centiies, cups, and 
and made to answer the purpose. tracers, which require to be soft on 
An easy and quick way to case- one end so that they can be riveted 
harden is as foUows : Heat the article after hardening. For this purpose we 
to a dull red by means of a gasolene use “ Carburizer.” The pieces are 
torch or by any other suitable means, packed in a box made for the purpose 
and tibeii apply a lump of potassium about 5 in. by 3 in. by 1} in. dera. ; 
(wanide to it, causing the fused A layer of carburizer is put in mvt ; 
chemical to flow over every part, then then the pieces are placed in the box^ 
heat to a chefry red and plunge into with the ends down that are to be 
cold water. Sometimes a bath of salt ' hardened ; the mixture is then filled 
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iQ over and around the parts* that are 
to be hardened, the quantity being 
proportioned, as nearly as ptissible, to 
the depth of liardening required, and 
the i)arts that are not to be hardene<l 
are covered with slaked lime. 

The Ik)x is then placed in an i<lle 
forge and kept at a good heat for an 
liour or more, according to tlie size of 
the work. At the end of the heat, 
Ixifore queuclnng, the fire is forced so 
that the pieces may l>e hardened on a 
l ising boat ; they are then dipped. 
If the operation has been properly 
done the pieces will l)e glass-hard 
where covered by the carburizer and 
soft where covered by the lime. 

Sparks from the Anvil.’) 

(d) In the writer’s opinion, the best 
material to be casehardened for guides, 
links, link lifters, blocks and saddles, 
eccentric rod jaws, and all motion 
work, is No. 1 fibrous hammered iron. 
In prejuiring this iron the pile should 
be large enough, the heating perfect 
and the manipulation under the ham- 
mer sufficiently skilful to ihxkIucc a 
refined perfectly welded iron, free 
from longitudinal seams or shearetl 
fibres, as frequently cau8e<l by disre- 
garding these essentials. 

We do not think it advisable to use 
granular iron for any purpose where 
casehardening is required. To do so 
would greatly decrease its reliability, 
owing to the shortness of its initial 
structure ; nor would we recommend 
merchant bar iron, with its rawness, 
lack of density, and containing, as it 
does, too great a percentage of slag, 
all of which a single working or simply 
the forming into shape wll not fully 
rectify. 

The penetration of the carbon in 
casehanlening depends upon the 
medium used, u|)on the compactness 
of the iron, and the length of time it 
is subjected to the required tempera- 
ture, which is about 1550° F. Guides 
made of good hammered iron should 
remain in the carbon, after becoming 
red-hot, from 20 to 24 hours. A 
carbon penetration of ^ in., or even 
I ih., 18 none too deep for them. 
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Lighter articles, such as links, and all 
motion work, will have the proper 
penetration of carbon, in., after 
being held at the right temperature 
for from 15 to 16 hours. 

The proper temi)erature for case- 
hardening runs from 1550° to 1700°, 
and can 1x3 ea.sily recognised by the 
experienced eye. Any nulroad fore- 
man smith should be perfectly familar 
with the proper temperature, or low 
shade of red heat, for steel hardening 
and annealing purposes, which runs 
from 1400° to 1500°. 

As to the medium for case-harden- 
ing, some use charcoal, some carbon- 
ated bone black, and some use a com- 
pound of yellow prussiate of potash, 
soda ash, salt, etc., and all get fairly 
good results. It is claimed that old 
leather Ixjlting, old shoes, etc., meet 
all reciuirements as a case-hardening 
medium, but it would barefoot a whole 
army to furnish enough old shoes to 
case-harden the engine motion work 
on one of our many railroads to-day. 

I have used many mixtures to coat 
iron with steel, and I wish to acknow- 
ledge my indebtedness to Mr. John 
Buckley, of Chicago, whose statement 
at our meeting in Pittsburgh in 1894, 
as to the results he obtained from 
granulated rawbone, prompted me to 
give it a trial, and I am still using it in 
preference to anything else, whether 
on the market or home made. It is 
cheap, always ready for use, easily 
handled, does excellent work, and all 
the rats in the neighbourhood would 
grow fat on it if you did hot protect it. 

As to furnaces for case-hardening 
purposes, there is no doubt but that 
some are more convenient than others, 
yet with a furnace of any kind, when 
the same medium is used, and the 
same uniform temperature and time 
are secured, the results will be equally 
good. 

In the shops which I have chaige of 
we use a furnace of the style in use-in 
most railway shops : inside dimensions 
8 ft. by 2 ft by 6 ft., built of fire- 
bric^, incased with old tank plates, 
and three 3-in. perforated pipM run- 
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ning through the bottom lengthwise. 
We use coke as fuel. Our boxes are 
cast-iron 10 in. by 10 in. by 36 in. 
for motion work ; for guides, etc.,. 
12 in. by 12 in. by 40 in. to 
70 in. in length. We pack in 
the customary way, alternating layer 
after layer of rawbone and the iron, 
placing a cast lid on the box and 
sefiling with fireclay. We also insert 
two iron test pieces § in. diameter 
through the end of the box, and with- 
draw one at five hours, the otlier at 
six hours after placing the box in the 
furnace. We then know the tempera- 
ture of contents of box, and date our 
time limit accordingly. We quench 
in a water-tank 42 in. diameter by 
6 ft. long, let into the ground level 
with floor line, with an inlet pipe at 
the bottom and an overflow pipe at 
the top. (A. W. McCaslin). 

It is possible to harden machine 
steel in such a manner as to produce a 
fine grain ; in fact, as fine as that of 
the nicest tool-steel. Cams made of 
low-grade steel and hardened by tliis 
method will resist wear as well as 
thoughinadeof tool -steel and hardened, 
and they are not as liable to flake off 
or break. Punch press dies for light, 
easy cutting metals, where there are 
no projections, will do very satisfactoiy 
work. Gauges, whether they be snap, 
plug, and ring or receiving, can be 
liardened with much less liability of 
going out of shape, are easier to make, 
and will wear as long as though made 
of tool-steel. 

Many bicycle j)arts formerly made 
of the Ijest steel are now made of 
machine steel, and excellent results 
are obtained. Such is not apt to be 
the case if they are simply case- 
hardened by the ordinary method, as 
the grain is too coarse to resist the 
peculiar action of the balls, particu- j 
larly on the cones and ball seats or cups. 
Spindles of machines, where there j 
is considerable tendency to wear, also 
a pounding or yanking motion to resist 
where hardened tool-steel would be j 
liaHe to break and ordinary case-har- | 
dening would yield to such an extent 


Bs to mefke the bearings become out of 
round, can be treated very successfully 
by this method. 

All that is needed is a good harden- 
ing oven, large enough to receive as 
many hardening boxes or pots as we 
may need, a plentiful supply of pots, 

I some granulated raw hone, a good 
I supply of granulated charcoal, a small 
I amount of hydrocarbonated bone, and 
i some charred leather for our nicest 
work. We should have a plentiful 
supply of water in a large tank, a 
smaller tank arranged that we can heat 
it to any desired degree, and a bath of 
oil. Raw linseed is the best for giving 
a hard surface. 

Pack the work the same as for ordi- 
nary case-hardening, run about the 
j same length of time, afld leave in the 
I oven to cool, the same as for annealing, 
j When it is cold, a piece can be heat^ 

I in the lead pot, and hardened the same 
j as tool steel, or, if the articles are 
I small, and thereare many of them, they 
can be repacked in the hardening-pot 
with granulated charcoal, but not with 
any form of bone or leather or any 
carbonising substance, as that would 
have a tendency to open the grain. 
The object of the second heat is to 
close the grain. The lower the liar- 
dening heat the more compact it will 
be. This method not only gives a close 
grain, but a very strong, tough surface, 

: and, the centre being soft, the piece is 
j very strong, 

j When Imrdening tools whose office 
it is to cut metal, it is always best to 
I use for a [)acking mixture equal parts 
I of charred leather and charcoal. The 
kernels should be fine, and about the 
same size if possible, to keep them 
from separating, as if there w^ere much 
difference the finer would sift to the 
bottom. Leather gives a stronger, 
tougher effect than bone, it being prac- 
tically free from phosphorus, while 
bone contains quite a percentage. The 
presence of phosphorus in steel makes 
it brittle. Yet for most purposes, 
where there are no cutting e<%es, bone 
is a very satisfactory carbonising agent 
to use in connection with machineiy 
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steel, and is much cheaper than 
leather. 

When using either bone or leather', 
mix with an ecjual amount— by measure 
— of granulat«l charcoal. Being well 
mixed, the [jarticleB of cliarcoal keep 
the kernels of bone or leather from ad- 
hering to etujh other and forming a 
solid mass when heated. 

When hardening small pieces that 
do not need carbonising more than ^ 
in. deep, it is best to use No. 2 
granulated raw Iwnc ; pieces that re- 
quire a very deep hardened section 
need a coarser grade, as they must be 
run longer in the fire. 

In casehardening bicycle cones, 
where it is necessary to carbopise quite 
deeply, it is best to ixick with No. 3 
Inmeand charcoal, equal parts, or better 
still, with 2 ^rts raw bone, 2 parts 
charcoal, anil 1 pirt l)oiie-black oraiiimal 
charcoal. Pack in the hardening box, 
as previously described in article on 
caselianlening ; run in the oven ten 
hours after the >k)x is heated tlirough. 
To determine the time use test wires 
running down from top to Iwttom of 
box, as jireviously descrilied. After 
tlie work is cold, it can be reheated in 
the lead pot and hardened. Drive a 
wedge into the axle hole of one of the 
cones and split it open to see how deep 
you have penetrated ; if not deep 
enough, repack with fresh material and 
run again. But if directions given are 
closely followed, the results will 
probably be found satisfactory. The 
grain, as far in as the carbon has pene- 
trated, should be as fine as tliat of 
liardened tool-steel. 

In liarilening ball-cu|)s or seats made 
of machine-steel, pack in a mixture of 
equal parts of charred leather and 
granulated charcoal, and run six hours 
after the box is heated tlirough. 
When cool, heat in the lead {)ot and 
quench in a bath of raw linseed-oil. 
Leather is used because the cups are 
generally quite thin and require tough- 
ness as well as extreme liardness. 

Some articles need the ends hard- 
ened, while it is desirable to have the 
centre soft. Take, for instance, the 
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piece shown in Fig. 223. The surfaces 
of the ends marked a need hardening, 
while b should be soft. Pack the ends, 
inside and out, with hydrocM’bonated 
bone and cliarcoal, having previously 
filled the centre with expended bone, 
run seven or eight hours after hot. 
Heat the ends separately in the lead- 
pot, dip ill a liath of lukewarm water, 
dipping with the heated end up, as 
stmm would prevent the water from 
entering the end. If water cannot 
enter work it certainly cannot harden. 
If this piece is dipped with the heated 
end up, the water readily enters ; the 
ends will be found to be extremely 
hard and the grain very compact. 

When it is necessary to harden the 
centre of a piece and to leave the ends 
soft, it can be readily accomplished, 
p^o^^ded the ends are smaller than the 
centre. Take, for instance, bicycle 
chain studs, Fig, 221. Take wire in 

Etcfl 



Figs. 223, 224, 225. 


such lengths as can be put into the 
longest hardening box we have, pack 
with raw bone and charcoal, run three 
hours after box is heated through. 
When cool put in the screw machine 
and cut the ends to size. When the 
machine work is completed, heat in a 
tube and dump in water. Having cut 
the stock below the carbonised surface 
on the ends they cannot harden: 
while the centre will be liard, the en^, 
being soft, can be riveted in the chain. 

A very interesting experiment can 
be tried, in itself of no practical value, 
except that it familiarises one with the 
action of carbon on steel. Take a piece 
of open-hearth steel, turn in the lathe 
as shown in Fig. 226, neck in every 
inch to a depth of ^ in., leaving the 
intervening space 1 in. long. Pack the 
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piece with raw bone and cliarcoal, run 
five or six hours after the Iwxis heated t 
through. Wlien cool tuni shoulders 
mark^ h to size of leaving a the 
same as before charging. Heat to a * 
good red, and dip in the bath ; a will 
be found to be liard, while the spac'-es 
between will be soft. 

I have mentioned timing the hejits 
from that period when the box was 
heated through in each instance, 
because in most places it is customary 
to time from the putting of the pots 
into the fumaces—a very uncertain 
way. If the test- wires mentioned in , 
previous article arc used, and time is ' 
reckoned from the time the work is ' 
red, we shall get uniform results, as 
the work does not, take carbon to j 
amount to anything until it is red 
hot. I 

I have also mentioned open-hearth ; 
steel. This, if used, will give uniform 
results, whereas if Bessemer steel 
is used eveiything is confusion, as it 
runs BO un-uniform. (E .R. Markham, 
in the ‘American Machinist.') 

Nc\c Iron Hardening Process . — 
Phosphorus, as is well known, has the 
property of imparting a certain degree 
of surface liardening to iron, but not 
^thout producing brittleness. The i 
iron is m«ide to assume a coarse struc- 
ture, in which the crystals are com- j 
paratively loosely bound together. | 
This effect of phosphorus of loosening , 
the coherence of the molecules of the 
iron greatly facilitates the absorption ' 
of. carbon hy the iron. The carbon i 
rapidly penetrates the iron to a con- j 
siderable depth, imparting great tough- 1 
ness to the core, and nullifying the ; 
comparatively slight defect constituted 
by the inconsiderable brittleness of 
the surface. Two Prussian inventors 
apply this principle in their process for 
likening iron by heating the same in 
a tempering-powder consisting of or- | 
ganic nitrogenous substances contain- 1 
ing a high percentage of fusible ash 
KM emploj^ phosphorus as the j 
medium for the introduction of carbon I 
into the irom Without prejudicially | 
tlffeoting the welding properties of the : 


iron, it imparts such a degree of hard- 
ness thereto tliat it can neither be cut 
nor chipped by the best steel used. 
In onler to harden the surface of alx)ut 
200 kilogrammes (441 lb.) of iron to a 
depth of 1 millimetre (O’ 0394 in.) by 
moms of this process, tlie pieces should 
be imbedded in a retort, muffle, or the 
like, in lx)ne-dust, to which is added 
a mixture of 300 grains of yellow 
prussiate, 250 gi’. of cyanide of potas- 
sium, and 400 gr. of phosphorus. The 
receptacle is w^ell closed, luted with 
clay, etc., and raise<l to a clear red or 
white heat, whereupon the material 
trejited is immersed in a glowing con- 
dition in a water or other bath. 
(‘ Scientific American.’) 

A few Points in Hardening . — It 
sometimes happens that a hai^ener 
has a lung article that must be liardened 
its entire length. The piece is care- 
fully heated, dipped in the bath, and 
w'orked up and down in the most 
approved manner, yet, when tested, it 
is found to contain soft places, or, 
possibly, the end that entered the 
water first will be found hard, while 
the opposite end will be found soft, or 
not as hard as it should be. 

At other times it is necessary to 
harden a large twist drill or similar 
article that must be hard, in the 
bottom of the flutes. When a tap, 
reamer, or any tool whose cutting sur- 
faces are at or near the periphery of 
the piece is hardened, very satisfactory 
results are obtained if it is quenched 
in a still bath — that is, one whose con- 
tents are not in motion as the cutting- 
edges are exposed to the action of the 
bath — and it is not essential that the 
portions at the bottom of the groove 
be liard. In the case of a twist-drill 
the portion at the bottom of the groove 
becomes the point of the drill as the 
tool is ground, consequently it must 
be hard there. 

If the drill is an inch in diameter or 
over, the more bulky portions consti- 
tuting the loads hold so much heat 
that they produce a vapour when in 
contact with the water, which prevents 
the water from getting down into th^ 
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groove in quantities 8ufficient<to harden 
that portion. The extreme point, 
being exposed, is hardened, but as the 
drill is ground, it becomes soft on the 
jwint and consecjuently must be re- 
hardened. 

In order to accomplish tlie desired 
result in a satisfactory manner, it is 
necessary to have a bath so arranged 
that water can be forced to the bottom 
of the groove, thus overcoming the 
tendency of the vapour to keep the 
water away. If the piece to be liard- 
ened is short, this may often be accom- 
plished with a l)ath having a jet of 
water coming up from the Iwttom ; but 
if we are dealing witli a long piece, it 
is advisable to use a Iwth liaving several 
pipes coming up from the lK)ttom which 
are perforated so that the water is 
projected against the piece. Very 
satisfactory results are sure to follow 
the use of this l)ath. 

An experience of a nuinl)er of years 
has convinced me that steel is much 
stronger and will give better results 
in every way if it is not overheated. 
Should it by accident Income over- 
heated though not burnt, it can be 
restored, so far as the appearance of 
the grain is concerned, at least, by 
reheating to the refining heat. Steel 
always shows by the appearance of the 
grain the effects of the last heat it 
receives. It should, however, be 
allowed to remain at tliis heat long 
enough to become heated equally 
throughout the piece. 

Steel tools are sometimes made 
stronger and tougher by heating to a 
red and plunging in oil, sperm, or lard, 
allowing them to remain untU nearly 
cold, and then reheating and hardening 
in the ordinary manner. Tliis, how- 
ever, should not be tried on articles 
80 small or thin that they will liarden 
in the oil, or strains are set up that 
may cause them to crack when hard- 
enM. If the above is tried, the 
heating should be very carefully done 
in a furnace where the article is re- 
moved from the air, or the surfaces 
will be decarbonised. 

The best advice that can be given 


the young hardener is never to over- 
heat a piece of steel, but if by chance 
that should happen it can be in a great 
measure restored by reheating properly. 
Should it he burnt, the mixture given 
may Vie tried, though I do not guar- 
antee it. (E. R. Markliam, in the 
‘ American Machinist. ’) 

Tempering. Infiucmt of Ttm- 
1 jternhire . — Perhaps the best method 
ever discovered for tempering steel, 

, resulting in hardness, toughness, and 
I elasticity combined, is that followed 
I in hardening the bMes of the famous 
I Damascus swords. The furnace in 
I wliich the blafles were heated was con- 
I structed with a horizontal slit by which 
■ a current of cold air from the outside 
: entered. This slit was always placed 
on the north side of the furnace, and 
was provided on the outside with a flat 
funnel-shaj)ed attachment by which 
the wind was concentrated and con- 
ducted into the slit. The operation 
of tempering the blades was only per- 
formed on those days of winter when 
a cold strong north wind prevailed. 
The sword-bl^e, when bright red hot, 
was lifted out of the fire and kept in 
front of the slit, and by this means 
was gradually cooled in the draught of 
air. It acquired the proper degree of 
temper at the single operation. From 
tliis account it may be seemthat gradual 
cooling is to be preferred to sudden 
cooling. While water lias been used 
in the process of tempering for a long 
time, it was only at a comparatively 
recent date that hot water was used 
in place of cold, having various tem- 
peratures for various kinds of steel. 
For instance, for springs, the steel 
must not be made more than red-hot, 
and tempered in water heated to 160° F. 
(66 J° C.). Ijow spring steel contain- 
ing 0-002 to 0*004 of carbon, when 
m^e red-hot and plunged into boiling 
water, has its tenacity and elasticity 
increased without its softness being 
altered. The colder tlie water, the 
more coarsely crystalline is the fracture, 
and by using hot water the fracture 
becomes more finely granulated in pro- 
portion to the temperature. By 
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periment it has been demonstrated ; 
that red-hot steel plunged into water | 
at a temperature of 36° F. (2° C.) will 
be as brittle as glass, but when plunged ' 
into water at 212° l'\ (100° C.), it will \ 
be annealed and toughened. Water is j 
not essential in the process of tem];M5r- ' 
ing. The only necessary condition is 
that of temperature, and other bodies , 
than water may be used for contri- j 
buting the right degree of heat. There . 
are various liquids which can be heated : 
to a higher degree than that named j 
without requiring to be kept in a 
close boiler ; such liquids are oil, 
melted tallow, wax, pitch, etc. Con- 
centrated solutions of various salts in , 
water make its boiling-point higher. | 
It is substances of this kind which 
constitute the various tempering 
pickles. That the chemical constitu- 
ents of the matter have notliing to do , 
with its effects, but that it is only a 
question of temperature, is conclusively 
proved by the fact that when coolea 
below the freezing-point of water it by 
no means produces a fine granulated 
fracture. Oils and fats do not cool 
off the metal as rapidly as water. The 
boiling-point of water is comparatively 
low, and the latent heat of the steam 
is not very great. Its evaporation 
therefore carries off the heat which is 
in the steel with great rapidity. In 
using oil or melted fats it is not 
necessary to heat them very much ; 
oil of 100° F. (38° C.) will be equiva- 
lent in its effects to boiling water. 
Jewellers and watchmakers do not 
temper their drills in water, as this 
makes them so liard as to be quite 
brittle. They use oil instead, or they 
stick the hot drill into solid sealing- 
wax, pulling it out quickly and sticking 
it in a fresh place, and repeating the 
operation until the drill is too cold to 
enter. Mercury, which is a good con- 
ductor of heat, has been used to make 
steel very hard ; by its conductive 
properties it cools the steel quickly, 
whUe its evaporation aids in carrying 
off the heat rapidly. (^ BLicksmith 
and WTieelwright. ’) 

MJolmr Tests in Tempcrmy.—\i we 


heat a piece of cast-steel to redness, 
and plunge it into clean water until its 
temperature is reduced to that of the 
water, the result will l)e that the steel 
will Ik) hanlened. The degree of the 
hardness will depend upon the quality 
of the steel, the temperature to wliich 
it was heated, and to a small degree 
upon the temperature of the water in 
which it was cooled. In any event 
the operation will be termed hardening. 
If we re-heat the steel, a softening 
proc(M8 will accompany the increasing 
temperature, until upon becoming 
again red-hot it will assume its normal 
softness, and if allowetl to cool in the 
atmosphere the effects of the first 
hardening will he entirely removed. 
If, however, after the steel is hardened, 

i we polish one of its surfaces and slowly 

* re-heat it, that surface will assume 
various colours, beginning with a pale 
yellow and ending in a blue with a 
green tinge, each colour appearing 
when the steel has attained a definite 
d^ree of temperature ; hence by the 
appearance of the colours we are in- 
formed of the temperature of the steel 
or, in other words, how far or to wliat 
extent the re-softening has progressed. 
This fact is taken advantage of by the 
machinist to obtain in steel any re- 
quired degree of hardness less than 
that of the absolute hardness obtained 
by hardening, and is termed temper- 
ing. The temperatures at which these 
respective colours will appear are as 
follows : — 

i Very pale yellow . 430° F. (221° C.) 
Straw yellow . . 460° F. (238° C.) 

1 Brown yellow . . 490° F. (261° C.) 

1 Tight purple . . 530° F. (277° C.) 

Dark purple . . 560° F. (288° C.) 

Clear blue . . . 670° F. (299° C.) 

Pale blue . . . 610° F. (321° C.) 

Blue tinted with 

green. . . . 630° F. (332° C.) 

To say, then that a piece of steel 
has been tempered to a straw colour, 
implies that it was first hardened and 
then reheated until the straw yellow 
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appeared upon it, the temperature 
having arrived at 460° F. (2a8° C.), 
and that the reheating process was 
then discontinued. The presence of 
the straw colour, however, while evi- 
dence of temperature to which the 
heating took place, is no indi«».tion of 
the actual degree of hardness of the 
steel, because that depends upc)n the 
degree to which the steel wjis hardened 
before the colour test tempering was 
resorted to. And since the degree of 
the first hardening depended upon the 
quality of the steel, the degree to 
which it wjis heated, and the tempera- 
ture of the water in which it was 
cooled, it follows that the above quality, 
heating and temperature must l)e uni- 
form in all cjises if uniform results are 
to 1)6 reached. The higher the grade 
of steel, the lower the temperature at 
wiiich it will harden, and the harder it 
will be if cooled in water from a given 
temperature ; but any degree of hard- 
ness obtained from a tem|)erature 
ecjual to or less than the highest at 
which a colour would appear — that is 
430° F. (221° C.>— will obviously be 
representable under the colour process 
by a colour, providing, of course, that 
the steel was first thoroughly liardened. 

JIardminff and' Tempering defined. 
It is manifestly desirable to obtain any 
re(iuired degree of liardness by a single 
process, if possible ; hence by hetitiug 
a known quality of steel to a definite 
temperature, and quenching it in water 
or other liquid or mixture maintained 
at about an even temperature, the 
colour test is becoming, in some oises, 
dispensed with, the conditions of heat- 
ing and cooling being varied to give 
any degree of hardness from the 
highest attainable down to normal 
softness. Another and very desirable 
method of hardening and tempering is 
to heat in a flue of some kind main- 
tained at the required temperature 
over the fire, and cool either in water 
or a quenching or cooling liquid, and 
then, instead of employing the colour 
test, to provide a tempering bath com- 
posed of some substance that will heat, 
in the open air, to a temperature of 


j about 450° F. (232° C.). Another • 
method of tempering, which, if capable 
of reduction to uniformity, would be 
the quickest and hence most desirable 
of any, is to heat the steel to a definite 
temperature, and cool or quench it in 
a liquid having sufficient greasiness or 
other quality which acts to retard its 
retraction of the heat from the steel, 
and thus give a temper at one opera- 
tion. As an example of this kind of 
tempering it may be mentioned that 
milk-and-water, mixed in proportions 
determined by experiment upon the 
steel for wliich it was employed, lias 
been found to give an excellent spring 
temper. Nor is there any doubt that, 
carefully conducted, such tempering 
may be of the very best quality. A 
great deal, however, in this case 
I depends upon the judgment of the 
; operator, because very little variation 
in heating the steel or in the propor- 
tions of milk to water produces a wide 
variation in the degree of temper. If, 
on trial, the temper is too soft, the 
steel may be made hotter, or there 
may be more water added to the milk. 

If the steel was heated as hot as prac- 
ticable without increasing the danger 
, of burning it, more water must be 
1 added ; while if the steel was made 
red-hot without being hot enough to 
cause the formation of clearly percep- 
tible scale, the steel may be heat^ 
more. 

1 Annealing.— ia) There are many 
ways of annealing steel : e.g. heating 
it to redness in the open or hollow fire, 
and then burying it in lime, in sand, 

, in cast-iron borings, in dry sawdust, 

I and by packing in carlxin in an iron 
I box and heating the whole to redness, 
i This last process is the most eflectual, 
provided the steel is not heated to 
excess. A layer of coarsely powdered 
wood charcoal is placed at the bottom 
of the box, then a layer of the steel, 
and so on until the box is nearly full, 
fimsliing with charcoal. The lid is 
luted with clay or loam ; the whole is 
then placed in a furnace or hollow fire, 
and grailually heated to redness. 

! Overheating is hurtful. It is seldom 



336 Tempering and Hardening STetals : Tempering. 


necessary to keep up the heat beyond 
the time when the contents of the box 
are uniformly heated, unless the steel 
should contain particles of hard im- 
pure iron, when it would be necessary 
to keep up the heat for several hours. 
When the whole has arrived at the 
proper temperature, the box is with- 
drawn from the fire and buried in hot 
or cold ashes to become quite cool, or 
left in the fire, and the fire allowed to 
cool down. The steel should be pro- 
tected from air until it becomes cool, 
when it is taken out of the Ik>x, and 
is ready for the fitting or turning 
room. It is then very soft, and free 
from those hard bright spots which 
workmen call “pins." The surface 
of the steel will be as free from oxida- 
tion as before it was heated, and the 
greater portion of the charcoal will 
remain unconsumed, and can be used 
again. This m<xle of annealing pre- 
vents the steel from losing its quality ; 
but it alworbs a small quantity of 
carlK)n, wluch is favourable to the 
hardening process. Animal cliarcoal 
is sometimes used. 

If time will not admit of a piece of 
steel being softened in a box with 
charcoal powder, it may be heated to 
cherry-redness in an open fire, then 
drawn out of the fire, and allowed to 
cool till the redness is not visible by , 
daylight, but can be seen in a dark ! 
place, then plunged at tliis heat into > 
cold water, and allowed to remain in | 
the water until it becomes quite cool, j 
When taken out of the wa^, it will 
be more uniform in temper than when 
it left the forge. This is a very expe- 
ditious way of annealing ; but the 
’Steel will not be (juite so soft as if 
it were enclosed in the iron box in con- 
tact with charcoal powder. Steel re- 
quired to be annealed in such large 
quantities as to make it inconvenient, 
or the expense of enclosing it in boxes 
too great, may be heated in a charcoal 
fire completely enveloped and pro- 
tected from the air. After the steel 
ishea^ to tiie proper temperature, 
the fire and the steel may be covered 
with pieces of plate iron, the whole 


then covered with cinder ashes, and 
I the fire*allowed to go out of its own 
accord. It will thus be protected 
until it is cold. Charcoal, especially 
when used as fuel in the open fire, is 
consumed with rapidity, and therefore 
very expensive. A cinder fire is less 
expensive ; it is not so pure as char- 
coal, but purer than coal, and affords 
a very moderate heat. When the 
steel is at the proper heat it is taken 
out of the cinder and placed in an 
iron box containing coarsely powdered 
charcoal, which must completely 
; envelop the steel ; the box is covered 
up and luted with clay or loam, in 
orfer to exclude the air and preserve 
the charcoal for future use. 

Cast-iron may be annealed in a 
similar manner. In the state it leaves 
the moulds it is always surrounded 
with a crust or coating, sometimes so 
hard that the best file will make no 
impression upon it, while the interior 
of the casting is soft and manageable. 
This hard crust is generally removed 
either by chipping with the cold chisel, 
or by grinding on a large grinding- 
stone turned by machinery. But 
when the shape of the casting is such 
that this crust cannot conveniently be 
so removed, annealing is the most 
economical process, as it makes the 
whole casting soft and much easier to 
work, but not deprive it of its natural 
character. The heat requires to be 
kept up much longer than for steel, 
and the iron needs solid supports to 
keep it from bending or br^ing by 
the heat. Wlien annealed it is more 
uniform in temper, consequently less 
liable to alter its figure by subsequent 
partial exposure to moderate heat. 
The outside is always somewhat harder 
than the inside, unless such processes 
I be adopted as will extract the carbon 
i from the former ; but these processes 
deprive it of its natural character and 
make it in the condition of malleable 
iron, but without the fibre which is 
due to the hammering and rolling. 
Cast-iron cutlery is enclosed in boxes, . 
and cemented with some substance 
containing oxygen, such as poor iron 
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ores free from sulphur, scales from the 
smith’s anvil, and various other ab- 
sorbents of carbon. The boxes are 
luted as when annealing steel or case- 
hardening iron ; they are afterwards 
placed in suitable furnaces, and the 
cast articles are kept in a state little 
short of fusion for 2 or 'A days, when 
they are found to possess considerable 
malleability, and can be readily bent 
and slightly forged. (Ede’s ‘ Manage- 
ment of Steel. ’) 

(b) In annealing tool steel in small 
lots in an ordinary blacksmith’s fire, 
my method is to cut the steel to the 
desired length and heat it evenly and 
thoroughly to a good red hejit, but 
not hot enough to scale. The work is 
best done in a hollow or mound fire, 
which is made by packing wet coal on 
the fire until a good mound is formed, 
when an oimning is matle in front, of a 
size large enough to admit the steel 
tlxat is to Ihj annealed. Such a fire is 
practically an oven. 

When the coal is well charred the 
steel is put in and heated up slowly 
and thorouglily, care l)eing taken that 
it shall not get above a good red. 
The steel is then put in a bed of ground 
wood-charcoal in a 1 k)x to cool. My 
annealing box is mfule of cast-iron, 
4 ft. long, 16 in. wide, and 12 in. deep. 
This is filled about two-thirds full of 
the charcoal dust. If quite small 
pieces are to be annealed, 1 heat them 
in an iron pipe 2} in. diameter, plugged 
•at one end, the pieces being packed in 
with chared and all heated together. 
M^en thoroughly heated, the pipe, 
with its contents, is placed in the 
charcoal dust in the box to cool. 

Small pieces, if placed in cold char- 
c^, without the protection of the 
pipe, will come out imperfectly an- 
n^ed and with more or less hard 
spots. I have used lime to some extent 
for cooling in, but do not like it as well 
as coal-dust, as it does not retain the 
heat as long. Some persons complain 
that cooling in lime puts hard “ pins " 
and “ streaks ” in steel ; but I do not 
think any trouble will arise on this 
score if the piece bo large enough to 


heat up the lime. If, however, the 
piece is rather small it is better to 
heat it packed in a pipe, and cool as 
above mentioned. I have had very 
good results from this mode of treat- 
ment. 

Miscellaneous Receipts.— -The 
following recipes for hardening, soften- 
ing, tempering and annealing are 
classified a.s nearly as possible accord- 
ii^ to the character of the article 
operated upon. 

Cutlery, Itazors, Saws, etc, — Razors 
and penknives are too frequently 
hardened without the removal of the 
scale arising from the forging. This 
practice, which is never done with the 
best works, cannot be too much depre^ 
cated. The blades are heated in a 
coke or charcoal fire, and dipped in 
the water obliquely. In tempering 
razora, they are laid on their backs 
U{)on a clean fire, about half a dozen 
together, and they are removed one at 
a time, when the edges, which are as 
yet thick, come down to a pale straw 
colour. Should the backs accident- 
ally get heated beyond the straw- 
colour, the blades are cooled in water, 
but not otherwise. Penblades are 
temj^ered a dozen or two at a time, on 
a plate of iron or copper, about 12 in. 
long, 3 or 4 in. wide, and about a J of 
an in. thick. The blades are arranged 
close together on their backs, and lean 
at an aqgle against each other. As 
they come down to the temper, they 
are picked out with small pliers and 
thrown into water, if necessary ; other 
blades are then thrust forward from 
the cooler parts of the plate to take 
their place. Axes, adzes, cold chisels, 
and other edge tools, in which total 
bulk is considerable compared with the 
part to be hardened, are only par- 
tially dipped ; they are afterwards let 
down by the heat of the remainder of 
the tool ; and, when the colour indi- 
cative of the temper is attained, they 
are entirely quenched. With the view 
of removing the loose scales or oxida- 
tion acquir^ in the fire, some work- 
men rub the object hastily in dry salt 
before plunging them in the water, in 
2 



S38 


Tempering and Hardening Metals. 


order to give them a cleaner and 
brighter face. 

Oil, or resinous mixtures of oil, 
tallow, wax, and rosin, are used for 
many thin and elastic objects, such ivs 
needles, fishhooks, steel -pens and 
springs, which require a milder degree 
of hardness tlian is given by water. 
Qunlock springs are sometimes fried 
in oil for a considerable time over a 
fire, in an iron tray ; the thick parts 
are then sure to be sufficiently reduced, 
and the thin parts do not bwome the 
more softened from the continuance 
of the blazing heat. 

Saws and springs are generally 
hardened in various compositions of 
oil, suet, wax, etc. The saws are 
heated in long furnaces, and then 
immersed horizontally and edgeways 
into a long trough containing the com- 
position. Part of the composition is 
wiped ofF the saws with a piece of 
leather, when they are removed from 
the trough, and heated one by one, 
until the grease inflames. This is 
called ‘ ‘ bUizinf) off . " The composition 
used by a large saw manufacturer is 
2 lb. suet and \ lb. of beeswax, to 
eveiy gallon of whale oil ; these are 
•boil^ together and will serve for thin 
works and mast kinds of steel. The 
addition of black resin, about 1 lb. 
to each gallon, makes it serve for 
thicker pieces, and for those it re- 
fused to harden before ; but resin 
should be added with judgment, or 
the works will become too hard and 
brittle. 

CvMers. — (1) If for a cold set, have 
it very stiflf; round the comersslightly. 
The principle in tempering cutting 
tools for striking on is to avoid the 
**hard line ” : the temper should die 
away gradually. The system adopted 
with Bucess is as follows : — let. Always 
heat the tool a long way up. 2nd. 
Never dip in absolutely cold water. 
"3rd. Dip deep, and move the tool 
lightly up and down in the water. 
Half-round tools are most liable to fly ; 
l^t it hot ri^t up to Ixead, and if there 
u-not heat enough left to draw the 
. temper in itself, ^ lump of white-hot 


iron to i^et the head on, or put head in 
fire. 

(2) Quench in soft clay instead of 
water ; it should be pretty stiff. Some 
things more susceptible to warp ing 
are done in this way. Plunge in sWp 
‘ and straight. 

I (8) Get cutters just red-hot, and 
throw them into luke-W'arm water 
edgeways ; they must be left in the 
water till all is cold, otherwise they 
will crack. If you cannot wait till the 
water gets cold, gently pour in cold 
water. If any warp, they can be put 
straight with a few blows over some 
hollow place when they are hot. In 
tempering thedi, do not trouble 
whether the teeth are sharp or round 
at bottom. Hy the above plan you 
will go over a large quantity in a very' 
short time ; only be sure not to take 
them from the water till all is cold. 

(4) Make the cutter of as low a red 
lieat as it will harden at, and quench 
(flatways) in water slightly warmed. 
In forming the teeth, make the bottom 
round, not sharp, as they are more 
liable to crack at those points, 

(.5) Take a bucketful of clean water, 
and add 1 gill of vitriol ; stir up well, 
and bottle for use. This will l^t for 
years if kept corked up : when using 
! it, put your cutter on the top of a 
piece of sheet iron, and when properly 
red drop into liquor. This, when 
taken out, will be as liard as flint. 
Blaze, and let down to a purple for 
cast-steel. This has never failed in one * 
case out of fifty. 

(6) Drive a lump of iron into the 
hole in the centre, and after heating 
[ cutter and iron to the requisite redness 
for hardening, plunge both into the 
water. The heat in the iron keeps the 
steel round the hole hot sufficiently 
I long to enable the steel to contract 
1 equally. 

i (7) ‘‘ Carbonize ’Hbe fire by buritting 
a lot of old scraps of leather, take a 
j flat plate of iron, urge the bellowa 
i slowly to make this plate r^hot. 

I Then lay upon the cutter, or saws, witfc 
j another plate over this to throw the 
I heat and carbon down untU you. cm 
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see it a pale red heat. Then take it off 
and Blip it edgeway into alwut 1 qt. or 
more of oil. Do not use water. After 
being in about \ minute take it out , 
and place itibetween two pieces of very 
flat hard wood, and squeeze it veiy I 
tight in a vice ; it will now l)e ready j 
for use. ‘ 

(8) Very gradually heat over a clear ' 
coke fire to a dull cherry-red, and then 
slide it, as it were, into the water 
quickly at an angle of 10° or 15°. | 
Use water with the chill just taken ! 
off. 

(9) Adopt some method of prevent- ; 
ing the water having access to the hole 
and t() the central part of the cutter I 
when (juenchiug. A good way would ; 
be to provide a rod of iron, say | to 
i in. diameter, screwed (tapjaxl) for a 
Stance of 2 in. at the end. First, put 
on a nut, then a broad washer, say 
IJ in., or even more, in diameter : 
next your soft cutter ; then another 
broad washer, and, lastly, a nut over 
that. Take plenty of time about 
heating the work, and have a good lot 
of fire ready blown-up ; that is, avoid 
blowing the fire hot while the work is 
in it ; but, on the contrarj', have the 
fire already prepared, and let the work 
“ soak,” turning it over and over, till 
it is of an even temperature all over. 
If you prefer it, the piece of screwed 
rod need only be long enough to cany 
the work and the two nuts and washers, 
and you will then liandle the whole ; 
with the tongs. Dip edgeways, and | 
there will be no fear of flying in hard- | 
ening. An incidental advantage is ; 
tliat it matl-ers little if the cutter con- ! 
tracts in hardening, as sometimes is the ^ 
case, for you can correct the hole by | 
scraping or filing at your pleasure. 
Always avoid leaving much substance 
towards the middle of your cutters ; 
A to I in. thick in the central web, 
held' between a flat shoulder on one 
side and a well-fitted washer and set- 
screw on the other, is sufficient for 
cutters up to 3 in. or 4 in. diameter 
for milling wrought-iron. If you leave 
them thick, they will go to pieces, 
uolen you specially provide against 


the water i eaching them. Use a char- 
coal fire if you can get one. 

(10) For cutters 3 in. and upwards 
in diameter, the hardening process is 
a hazardous one, and causes some 
anxiety. In the first place, the lowest 
temperature at which the steel will 
harden should be ascertained, If at 
a blood-red heat, so much the better. 
The cutter, when roughed out to near 
the size before the finishing cut is 
taken off, should be well annealed. 
This precaution is too often neglected 
— whether for large taps, lathe man- 
drels, or cutters, it will be found, after 
the annealing, that a degree of warpage 
has taken place, showing that the steel, 
though soft, was nevertheless in a 
state of tension, and this preliminary 
annealing greatly lessens the tendency 
to crack in the hardening. For a 
cutter of 3 in. in diameter, a large 
clear fire of cinders should be used, 
great care being taken to heat the 
work uniformly. The cutter should 
be smeared over with a paste of soap 
and leather charcoal. This causes the 
finished cutting edges to come out 
bright and (juite hard, after the 
({uenebing. Before hardening taps and 
drills, rub a piece of soap over them 
before heating, as no scale is then 
formed, and they come out clean after 
quenching. For large cutters, etc., 
in order to lessen the risk of cracking 
during the quenching, pour oil over 
the water to the thickness of a card. 

Me8.-(l) The point of a file, being 
thinner tlmn the middle, is liable to 
become hot sooner, and attain a purple 
colour before the thickest part shows 
any d^ee of heat ; to prevent which 
the heat must be applied gradually, by 
shifting the file backwards and for- 
wards in front of (not over, because 
the smoke will colour it) a bright fire 
or furnace door, so as to keep the 
I thickness. A piece of sheet-iron should 
be hung in front just above the file, 
to keep the glare of the fire from the 
operator’s eyes, and by comparison 
firom time to time with a new file 
(which should be at hand) he will be 
enabled to judge of the progress of .Uie 
z 2 
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operation, and regulate the heat until , 
the desired colour is obtained, when i 
the file must be immediately plunged I 
into water. Pale straw colour is low 
enough for most files, but no file should 
be brought lower than deep straw. 
(2) Cover with oil, and hold over the 
fire until the oil blazes, and as soon as 
the flame runs all over the tile, plunge 
it in the water ; or put in a moderate 
hot oven for J hour if large tile ; but 
if small, the former is better. (3) A 
mixture of tallow, hog’s lard, and 
arsenic makes an excellent mixture for 
hardening tiles. The oil becomes 
thicker after being in use a week or 
two, and fresh oil is added each week, 
the thickest being taken out for giving 
a bright black to iron or steel. 

Oravers . — Heat in charcoal du8t(not 
too hot), and plunge into a box of wet 
yellow soap. This renders the end 
of the graver very hard and very 
tough. 

Hanimer».—(l) Drive piece of iron 
rod in eye to hold head by. Make full 
red-hot, lay rod on edge of slack trough, 
harden the largest end, then turn 
small end in water, watch for temper 
in face, then the same to small end. 
When you have both ends right, keep 
turning them round in water until 
middle is about black-hot, then cool 
off. Do not dip deep. The colo r 
will vary with different qualities of 
steel, and can only be determined by 
trial. With ordinary steel, from 
brown to blue will be about the tiling. 
(2) A hammer weighing 1 lb. should 
be allowed 15 seconds to cool down 
before plunging, and then you will 
require nothing but clear water. 
Hammers weighing 2 lb. , 3 lb, , or 4 lb., 
should be allowed 30 seconds. 

High-Speed Steds.— It has been my 
privilege, said Mr. Edward Ford,C., M. 
and St. P. Ry., to the National R. R. 
Master Blacksmith Association re- 
cently, to handle several kinds of air- 
hurdening steel, and, on the whole, we 
have Ifeen very successful. There are 
two m0n whom it is very essential to 
take into consideration to get good 
tools Ahd correct reports of the work 


done by »those tools, and they are the 
tool-dresser and the machinist who 
uses the tools. The tool-dresser 
should heat the steel thorouglily, and 
not too fast, to a high lemon heat 
while shaping the tool, and when done 
he should lay it aside for a few 
minutes to cool and to relieve the 
strains, then heat it up to a high heat, 
or until the scales are seen rising, 
and then place it under a compressetl- 
air blast, being sure there is no mois- 
ture in the air-pipes ; allow the blast 
to strike the tool at about 1 in. from 
the point. Always have the blast 
blowing towards the point of the tool, 
and keep the point of the tool free 
from scales with a file, so that the 
cold air will always play right on the 
point of the tool ; but where there is 
no compressed air, you will find a 
good substitute in the blast pipe. 

Lath^ Mawlrd. — (1) Have the 
i water lukewarm, and a little soapsuds 
in it. Bring the mandrel to a cherry- 
red, catch by the end in tongs, and be 
sure to dip slowly and vertically to 
the bottom of the tub. If moved 
sideways, it will camber. (2) The 
risk of cracking steel when hardening 
is much reduced by surrounding the 
article, when in the fire, by shr^ of 
leather, bone, etc., or by covering it 
with prussiate of potash as soon as it 
gets to a dull red heat ; then it may 
lie heated to the proper temperature 
for hardening. It is a very difficult 
thing to prevent the spindle i^m being 
bent and distorted. If hardened in 
water, it is almost sure to “ warp,” 
and, if the mandrel is a large one, it 
is not easy to harden it in oil. If it is 
of moderate size, heat it as above, with 
leather, etc., and at a good red heat ; 
immerse it vertically in a mixture of 
oil and tallow. 

Mill (1) Get the point of 

the bill red-hot, put it on the ground 
to cool, try it with a saw ^e. If 
you cannot cut it, it is Mushet’s steel. 
Treat as follows : — Get bright red, 
work out a little at a time. On no 
account hammer when getting cool, or 
they get full of little cracks. Better 
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keep heating as often as jihey lose 
their red appearance. The whole 
secret in worHng this steel lies in not 
hitting it unless red-hot. After you 
have got them to the right shape, 
which should be about | in. thick at 
1 in. from the end, get them bright 
red, and put them carefully on the 
ground to cool. This is all the temper- 
ing the steel requires. When cold, 
grind to an edge. If common cast- 
steel, you do not want to know any- 
thing about secrets or chemicals. ^1 
you have to do is to work it out at a 
dull red heat, hit it flatways when 
cooling as much as you like, but not 
edgeways ; tile or grind to an edge, 
get red-hot | in. from the end, dip or 
cool in water with the chill taken oft', 
grind bright, hold over a piece of red- 
hot iron till of a blue colour. (2) 
Salt, ^ cup ; saltpetre, ^ oz. ; pulver- 
ised alum, 1 teaspoonful ; soft vater, 

1 gal. Do not heat above a cherry- 
red, nor draw to temper. (3) Put 
the body of the tool in the ‘tire, 
leaving the two thin ends uncovered 
till the middle is red-hot. A.s soon as 
the middle i.«. red-Jiot. pull hick, and 
let the thin end just }?et a dull red heat. 
It must now be hammered eilgeways 
first, and flatways last of all. It is 
best to hammer it on the flat part of 
the anvil, as drawing steel on the edge 
of the anvil, although a great deal 
quicker, makes it short in the grain, 
and always causes the tool to break in 
the thinnest place. Serve the other 
end the same, only repeat as soon as it 
loses its dull retl colour. The lighter 
the blows in working steel, the tougher 
it is. The point should be quite as 
thin as a fitter's chipping chisel, only 
a little longer, then they will not re- 
quire doing up so often. When the 
ends are drawn out, the middle will 
have lost its red heat. The ends can 
now be filed a little. To temper them 
heat them in the flame of the fire, 
using great care. When a very dull 
red heat, cool in rain-water, with the 
chill taken off, about f in. from the 
end, and let down to a blue ; if it 
should be too brittle, a little lower. 


Serve the other end the same. Cool 
all over. Grind the edge rather blunt, 
and for the first few blows hit as 
lightly as possible. A little soapsuds 
or oil could be poured on the water, 
but water is the best. The secret is 
in working it at as low heat as possible, 
only keep on repeating very often, 
and to Ut it edgeways as little as 
{KiBsible, but flatways as much as you 
like. 

Mill Picks arvi Chisels. — (a) Heat 
the bill to a blood-red heat, and then 
hammer it till nearly cold ; again heat 
it to a blowl-red, and quench as quick 
as possible in 3 gal. of water, in wliich 
is dissolved 2 oz. of oil of vitriol, 2 oz. 
of soda, and J oz. of saltpetre ; or, 2 oz. 
of sal ammoniac, 2 oz. spirit of nitre, 

I 1 oz. oil of vitriol. The bill to remain 
■ in the liiiuor until it is cold. 

(h) 1 oz. white arsenic, 1 oz. spirits 
I of salts, 1 oz. sal ammoniac, dissolved 
ill 4 gal. of spring water, and kept in 
a tute or iron phial for use. Heat 
the tool to a blood-red heat, then 
quench it in this mixture, diraw it 
gently over the clean fire till the spittle 
flashes off it, then let it cool. 

(r) To 3 gal. of water add 3 oz. of 
spirit of nitre, 3 oz. of spirits of liarts- 
horn, 3 oz. of white vitriol, 3 oz, of 
sal ammoniac, 3 oz. of alum, 6 oz. of 
salt, with a double handful of hoof 
parings ; the steel to be heated a dark 
cherry-red. Used to temper chisels 
for cutting French burr stones. 

Mining Picks.— In the first place, a 
good charcoal fire is necessary ; next, 
good steel, and then a good light 
hammer with a smooth face anvil, A 
I pick should never be “upset,” or ham- 
i mered endwise, nor raised above a full ^ 
j red heat. The steel should be, more- 
' over, heated as quickly as possible, as 
long exposure to lieat — even if the heat 
is not in excess— injures its textures. 
Many blacksmiths find great difficulty 
in tempering picks, because they do not 
choose good steel. After being heated, 
the pick must be worked with care, 
special pains being taken, in drawing 
I it out, to hammer on all sides alike, in 
I one place as much as another, and on 
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one side as much as another. When 
ready for hardening, it should be 
heat^ in the blaze of a charcoal fire 
until red-hot, and then plunged into 
cold rain water, and kept there until 
it is nearly cold ; but if kept too long 
in the water, or until it is quite cold, 
the comers are liable to fall oiF. Some 
blacksmiths use salt water ; no salts 
of any kind should exist in the water, 
but the water should be cold; if the 
water is warm, and a little ice should 
be thrown in to chill it, the tempering 
will be all the better. Pure soft 
water for hardening will make a tougher 
pick, and one less liable to crack at 
the edges, than where salt water is 
used. An old miner who always 
sharpened the picks at the claim, and 
was quite expert at it, used to hold 
the pick end in the water exactly until 
a certain shade of colour appeared. 
Then he did not consider it properly 
tempered until the point was inserted 
in the ground and allowed to gradually 
cool. The last hammering of a pick 
should always be given on the flat 
sides, across close to the edges, and 
then up each side about an inch. By 
doing BO, the corners will be less liable 
to crack off. 

Saws. — (1) After toothing comes 
hardening, the toothed plates being 
heated to a light cheny-r^, and then 
plunged into a bath composed of whale- 
oil, tallow, rosin and beeswax. The 
plates, after hardening, should be as 
brittle as glass. They are covered with 
scale, grease and dirt, which is removed 
by scraping and scouring with saw- 
dust. They come out buckled, and 
require to be flattened. This is done 
between heated dies brought together 
hy hydraulic pressure. The dies are 
circuiar in form, hurizontal in position, 
and about 5 to 6 ft. in diameter. They 
w enclosed in a furnace with an ad- 
justable blast, and are revolved, to 
keep the temperature even. The pro- 
per colour for hand-saws is a blue, 
corretponding to spring temper. 

(^) Dr. Hartmimn recommends the 
addilichi of about 1 lb. rosin to the 
usual hardening mixture, consisting of 


4f qt. train-oil, 2 lb. beef tallow, and 
} lb. beeswax, as rendering it suitable 
for hardening some articles that do 
not harden sufficiently without it, 
although the proper amount of rosin 
can only be determined by experience, 
since excess of it may render the 
article too hard and brittle. After 
use for some months, the ftiass loses 
its hardening i)ower, and the trough 
must be thoroughly cleaned of it before 
fresh mixture is placed in it. He also 
recommends another mass, consisting of 
95 qt. spermaceti oil, 20 lb. melted 
tallow, 4J qt. neat s-foot oil, 1 lb. 
pitch, and 3 lb. rosin. The pitch and 
rosin are melted together, the other 
ingredients added, and the mass is 
heated in an iron vessel until all the 
moisture is expelled, and the heated 
mass ignites from a burning splinter 
held upon it ; the flame is thereupon 
immediately extinguished by means of 
a tightly-fitting cover. In employing 
either mixture for saw-blades, these, 
after being heated in a suitable furnace, 
are placed vertically in long troughs 
filled with the mixture, with the 
toothed edge, or that intended for the 
teeth, down, and as soon as they are 
sufficiently cooled, they are removed 
and wiped with leather until but a film 
of grease remains upon them, and are 
then placed flat over a coke fire until 
the coating ignites, by the burning of 
which their brittleness is diminished, 
and the requisite elasticity imparted. 
If they are to be very hard, but a 
small portion of the coating is allowed 
to burn off ; but if softer, it may be 
allowed to bum until it goes out. 

Spririgs.—Q) Harden right out, 
and then temper by flaring off in oil. 
If they are flat springs, a good way to 
harden them would be to get them red 
hot, and lay them on a fiat iron sur- 
face, covered with water, quickly bring- 
ing another piece of flat iron (of about 
7 lb. in weight) down on top of it. 
This will prevent th.’.m warping. If 
they are curved or bent, this cannot be 
' done. If bent, put them into water 
(or oil, which is better than water for 
small springs) edgewise. To produce 
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a nice Bpring temper, place tbem in a > the water, even after it has disappeared 
shallow sheet-iron dish, cover them below the surfece ; but in no case 
with lard oil (this is important — should it be moved sideways, or it will 
mineral oils will not do), and hold warp. It should not be taken out of 
them over the gas with a Bunsen flame the water until quite cold, or it will 
until the whole of the oil has burned crack after it is taken from the water 
or flared away ; then turn them out, i and during the cooling process. After 
and let them cool of themselves. the tap is hardened, it should be 

(2) First harden right out by laightened along the flutes and on the 

making red-hot, and cooling in water ; plain part, and then lowered as fol- 
then, to temper, have a bright, clear, j lows A piece of tube, about half the 
arched tire, and move the spring to ' length of the tap, and of about twice 
and fro in it until it is hot enough to j or three times its diameter, and having 
scorch a stick or make sjw-rks fly off a ' its thicknebsahout the same, if possible, 
stick when rubl^ed along it, care being : as the diameter of the tap, should be 
taken tliat it will do this all along the j heated in the fire to an even cherry- 
spring, and yet not l)e hot enough to | redness, and then taken from the fire 
set fire to the stick ; then let it cool | and placed in such a position that it 
of itself. i« o|)en to clear daylight, and not 

(3) Whale-oil is used for tempering ' affected by the rays of Ught from the 

springs, which are first heated in the 1 fire. The tap should be held in a pair 
lead bath, then plunged in the oil, and { of tongs, whose jaws liave been well 
blazed oft* in the fire. warmed ; and a small piece of metal 

(4) For long springs get a piece of should be interposed between the jaws 

1-in. wrought-iron gas-pipe, put your of the tongs and the sides of the square 
spring inside, place thepifMiin furnace, j of the wrench-end of the tap, so that 
Wheii hot enough get hold of pipe the tongs may not obstruct the square 
with tongs, tip the pipe up over tank of the tap from receiving the heat from 
with oil t)r other tem{)ering fluid in,, the tulie. The tap and tongs should 
and the spring will slip out into tank, then he passed through the heated 
If you have 2 or 3 pijjes, you will tern- tube, so that the square end of the 
per over a gross per hour. tap and the tongs only will be inside 

(6) Get a piece of spring steel altoiit the tube. The tap should be slowly 
the size of spring wanted ; when forged ■ revolved while in this position, and 
and filed to tilt, make it warm-red, I when the tap has at that end bwome 
immerse in spring water (a little cow- | slightly heat^, but not enough to draw 
dung improves it, mixed well with j the colour, the shank and threaded 
the water before using it). Dry the i part of the tap should be slowly passed 
spring, then tie a piece of wire fast to \ endways back and forth, and, while 
the spring in any form, so as to hold , slowly revolving, through the centre 

it. Dip in clean tallow or oil, put it » of the tube, until the colour appears ; 

on the fire till all the grease is burnt if it assumes an even hue all over, pro- 
off, and swing round and round as | ceetl until a brown colour appears, then 

swift as you can till cold. I withdraw the tap from the tube, and 

Ta/pt and Dies. — (1) Rose says taps i quench it perpendicularly in warm 
should be heated for hardening in char- i water. If, however, the colour does 
coal fire, slowly to a cherry -red, and j not appear so quickly in any particular 
then dipped perpendicularly into dean j i»rt, hold that part on the tube a 
water. The water should be made ' little the longest, and if either end 
sufficiently warm to feel pleasant to | lowers too rapidly, cool it by a slight 
the hand ; for, if the water has not the ( application of oil. The square end of 
cold chill taken off it, the taps are apt the tap, on which the wrench fits, may 
to crack along the flutes. The tap l)e lowered to a deeper colour— as may 
should be lowered perpendicularly in also the shank of the tap— than the 
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threaded part, which will leave them 
stronger and less liable to twist or 
break. By using the size of the tube ! 
here recommended it will l)e found 
that the tempering process will be per- 
formed, and the colours appear very 
slowly, so that there will be ample ' 
time to judge when the precise re- 
quisite degree of hardness has been 
reached. This plan is far superior to 
tempering in hetited sand. Very long 
taps may be greased and heated pre- 
paratory to being hardened in molten 
lead — the object l>eing to heat the 
outside of the tap evenly all over to a 
red heat, so rapidly that the inside 
metal of the tap is comparatively cool ; 
hence, when the tap is hardened the 
outside only is hanlened ; and if the 
t ip warps in the hardening, it can, after 
being tem|)ered, be straightened — the 
soft metal of the centre of tap prevent- 
ing it from breaking in the straighten- 
ing, which should 1)6 performed withA 
leaden hammer and with the tap rest- 
ing upon lead. 

(2) Take the chill off the water, j 

then get them to a cherry-red heat, j 
Plunge the taps in on their ends. ; 
After they are cold, clean with a bit of I 
stone or emery-cloth ; then warm * 
them till the spittle fries on them. 
Put some clean tallow on, then hold 
them over a clear fire till a light chest- i 
nut brown. j 

(3) The great difficulty in hardening 1 
tools is princi|)ally their liability to 
twist or get out of truth ; secondly, 
cracking (esptjcially if large) after 
hardening ; thirdly, getting the right 
temper. First, carefully select your 
steel ; let it l)eof the best cast, with a 
medium grain (a fine-grained steel will 
break when much less force is applied , 
than a coarser-grained, and although it 
will take a keener edge, it will not 
resist the strain required by a tap or 
rimer). Next centre it, and tuni off 
the scale and soften. The object of 
softening -after the scale is removed is 
to make the grain of the steel equal 
throughout ; if it be softened witli the 
scale on, it will generally cast. To 
soften, enclose the articles in a piece of 


gas-tubp, filling up with wrought-iron 
turnings, and plugging the ends with 
clay, making the whole red-hot and 
allowing it to cool very slowly — i.c. 
lesiving it in hot ashes all night. This 
method makes the steel very soft, and 
equalizes the grain. After softening, 
turn up the work, taking care not 
to l)eud or straighten it, should it have 
cast, as it probably will in the process 
of softening. The rejison for this is, 
tliat if the steel be bent or hammered, 
the grain will be closer in one place 
tlian another, and heiit lias a great 
tendency to bring it back to its orig- 
inal position. The next thing after 
I finisliing your tool is to liarden it : 

I first, slightly heat it over a gas or 
I other flame, and rub it all over with a 
I mixture of Castile soap and lampblack. 

! This is to prevent the e<lges from being 
burnt. The next is to get a thick 
iron pipe (2 in. diameter and in. 
liore). This is well filled up with taps 
I or rimers and charcoal dust, the ends 
lieiiig closed with clay as before ; this 
is pl^ed in the furnace and occasion- 
ally turned, until it is one uniform 
heat of cherry -red, or on the outside 
a trifle hotter. It is then carefully 
removed from the fire, one end of the 
clay is knocked off, and the contents are 
allowed to drop perpendicularly into a 
solution of water, chloride of sodium, 
and nitrate of iron ; tliis solution is 
kept at a temperature of 60'’F. (16J® 
C.). The articles hardened should re- 
main at least } hour before being re- 
moved. Tliis method of hardening 
may lie summed up thus : make the 
steel of one grain throughout, prevent 
it from oxidizing whilst being heated, 
allow every part to heat at the same 
time, avoid liending while hot, and 
lastly, restore if possible by replacing' 
the loss of carbon caused by heating. ‘ 
TWs ifcmraUy. — (1) Softening, 
(a) Heat your steel to dull redness, 
hold it in some dark or sliady nook or 
corner until you can just see the least 
p).ssible tinge of rcdness, then cool 
immediutely in water at the ordinaiy 
temperature, and you will be able to 
file or turn it with very little difficulty. 
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There are times when the delay of the 
ordinary process extremely inconve- 
nient — as in the filing of turning tools 
of a particular shape, re-annealing steel 
when the skin is taken off, etc., and 
tlien this mode answers admirably. 
(/>) Make the steel red-hot, then put it 
in a heap of dry sawdust till cold, 
when it will be found to lie quite soft. 
(c)Placca (juantity of newly -burnt lime 
in a damp place, where it will fall in 
the form of flour ; put it in an iron 
lx»x. Heat the articles t^) dull red, 
clean off all scale, put in lime, and 
completely cover witli lime ; cover box 
,over with inin lid, au<l leave until cold. 
The more lime and larger the box the 
iHjtter. Keep air-tight if pissiblc. 

(2) After being temjiered, the volume 
of the tool is slightly increased, and 
consequently its specific gravity is 
decreased. As the exjMinsion or in- 
crease of volume is so ver} slight, it is 
quite immaterial which is plunged in 
the liquid first ; however, every moment 
the edge is kept out it is cooling, and 
the temjiering may lie rendered defec- 
tive thereby. Mercury tempers the 
hardest, then water, then salt water, 
then oil of various kinds — as wliale-oil. 
As oil cools the metal more slowly, it 
is not tempered so hard, but the tena- 
city is increased. 

(8) It is said that the engravers and 
watchmakers of Germany harden their 
tools in sealing-wax. The tool is heatetl 
to whiteness and plunged into the wax, 
withdrawn after an instantand plunged 
in again, the process being repeated 
until the steel is too cold to enter the 
wax. The steel is said to become, 
after this process, almost as hard as 
the diamond, and when touched with 
a little oil or turpentine, the tools are 
excellent for engraving, and for piercing 
the hardest metals. 

(4) Tools deeply dipped, and with 
the temperature let down slowly, sire 
the best tempered. For instance, a 
carpenter’s chisel may be heated in a 
tube (covered with coke until the whole 
is at a red heat) until it is at a lieat 
slightly more than blood-red ; then 
lower vertically down to the bottom 


of a pailful of tepid water ; when cold, 
take it out and polish it. Get a 
bolster, or large nut, heat it to white- 
ness, and traverse the chisel through 
and back until the surface has an 
orange or gold colour ; cool out. Ta{)s, 
dies, half -circular cutters, etc., so 
tempered, stand wear and tear much 
the best. 

(5) The forging and tempering of 
I iron or steel can be greatly enhanced, 
according to Dlass, by dipping the 
metal, in whatever form, in fused salt. 
This di})ping in sjilt is also well adapted 
for annealing steel without the oxida- 
tion of the surface. If the metal be 
rusted, it must be allowed to remain 
some time in the Iwth. Borax can 
with goo<l effect be mixed with the 
salt. Metal “ purified ” by such an 
immersion is very susceptible to gal- 
vanic dispositions, and can easily be 
coated with copyxir, zinc, tin, nickel, 
silver, etc. For iron in the spongy or 
I powdered state, as obtained from the 
reduction of the ores, the salt bath is 
esiKscially adapted, for it augments the 
combination of the particles by making 
their surfaces free from impurities. 
To prepare the l>ath for an application 
as here projiosed, the sjilt must be fused 
in a puddling furnace, and the iron 
sponge, with the addition of a flux, be 
added in small quantities, so os not to 
vitrify the salt. The iron is left in 
the furnace till the flux has combined 
with all the impurities, and formed a 
slag, whereupon the iron is taken out 
and forged together. While the iron 
is in the furnace, it should be con- 
stantly covered with the salt, so that 
oxidation be prevented. For the har- 
dening of iron, the salt is fused in a 
convenient vessel and the object im- 
mersed, and from time to time a small 
quantity of potash ferrocyanide is 
added— 1 lb. or 2 lb. per 100 lb. of 
iron. The articles, according to their 
thickness, are permitted to remain 6 to 
30 rain, in this bath, and are then 
plunged in water containing, in 100 
parts, 1 of hydrochloric acid, 6 of wine 
vinegar, and 1 of salt. If the objects 
are to have a silver lustre, they should 



346 Tbmperinq and Hardening Metals. 


be immersed for a few minutes in a 
mixture of 3 parts wine vinegar and 
1 of hydrochloric acid. 

(6) Steel punches, or other small 
implements, particularly engraved dies, 
when, by accidental exposure to too 
great heat, they have b^me spoiled, 
or, as the blacksmith says, burned, 
may be restored by the following mix- 
ture : 2 oz. bicliromate of potash, 1 oz. I 
pure nitre, 1 oz. gum-aloes, 1 oz. gum- | 
arabic, and 2 oz. rosin. The whole ^ 
having been well powdered and mixed, ! 
the piece of steel is heated to low red- 
nass, and the powder sprinkled over 
it. It is then heated again to low red- { 
ness, and cooled. This makes the 
piece very hard again. The amount of 
nitre may be doubled, and tlnvt of the 
rosin taken 10 times greater, to produce 
a higher temper. 

(7) In tempering a tool for boring 
cylinders, turning rolls, or any large 
pieces of cast-iron, let it be as hard as 
water will make it, taking care not to 
heat it more than to cherry-red. In 
the second heating, after the t<K)l is 
hardened, the first perceptible tint 
is a light straw-colour, which makes 
its appearance when the heat reaches 
430° F. (221° C.). This gives the 
metal a maximum of hardness, with a 
certain amount of elasticity, fitting it 
for lancets, razors, and surgical instru- i 
menta. At 470° F. (213° C.) a full ; 
yellow is produced, wliich is the temper 
employed for penknives, scalpels, and 
fine cutlery. The temperature of 
490° F. (254° C.) gives a brownish- 
orange, suitable for shears and chisels 
used for cutting iron. At 510° F. 
(266° C.) the brownish-yellow becomes 
flecked with purple, the tint for pocket- 
knives 520° F. (27 1 ° C. ) gives a bluish 
purple, fit for table cutlery ; while the 
different shades of blue from 530° to 
670° P. (277^-299° C.) indicate a tem- 
per proper for watch-springs, sword- 
bladl^, saws, and instruments requiring 
great elasticity. Beyond thin tempera- 
tune ihe' metal becomes too soft to lie 
used for cuttinginstrumentfl. The tem- 
per greatly dapen«ls on the quantity of 
uarlMn that is in the steel. This the 


practical •■man soon finds out, and he 
tempers or draws down the tool accord- 
ingly. In Switzerland, razors, pocket- 
knives, etc., made from English cast- 
steel, are tempered by immersing the 
blades at a dark cherry -red into a bath 
composecl of 4 parts finely powdered 
yellow rosin, 2 of fish-oil, to which is 
added, in a very hot state, 1 of melted 
tallow, and allowing them to cool per- 
fectly ; after whi(;h they are heated 
without wiping them, and liardened in 
water in the ordinary way . The blades 
hardened by this process arc found tf> 
be more uiiiformlv teiim^red than by 
any other, making it possible b) produce 
an exceedingly fine cutting edge. 

(8) By melting together al)Out 1 gal. 
spermaceti oil, 2 lb. tallow, and ^ lb. 
wax, a mixture is obtained very con- 
venient for tempering any kind of steel 
articles of small size. Adding 1 lb. 
rosin, il is used for the temi)ering of 
j larger articles. The addition of rosin 
must be miuie with care, for aq excess 
of this materud renders the steel too 
hard and brittle. After several 
months’ use the mass loses its energy ; 
it must then be wholly renewed, taking 
care to thoroughly cleanse the bottom 
of the tub which contained it. An- 
other mixture, of which practice like- 
wise has proved the efficacy, consists 
of 20 gal. spermaceti oil, 20 lb. tallow, 
10 gal. ox-foot oil, 1 lb. pitch, and 
3 lb. rosin. The pitch and rosin are 
melted together, then the three other 
materials are successively adiled, and 
the whole is heated in an iron {)ot till 
all the water is evaporated. This ia 
ascertained when the mass takes fire 
at the approach of a burning chip (rf 
wootl ; the flame is put out by hermeti- 
cally shutting the pot with a cover. 
The tempering is effected in both oases 
as follows : ^w-blades, for instance, 
are heated in special ovens, and when 
they have reached the temperature, 
they arc dipped in the mass contained 
i in tubs arranged side by side. For a 
continuous manufacture a certain 
nundter of tubs are used, so as to 
. allow the moss time for coding during 
' the progress of the operation^ As 
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soon as the blade is cooled iits with- 
drawn from the bath and cleaned with 
a piece of leather, so that there remainB 
still on it a thin layer of grease. It 
is then passed over a coke fire till the 
grease catches fire and bums with a 
clear smoke. In this way the blade 
acquires elasticity. If it is desired 
very hard, a part only of the grease 
is allowed to be burnt ; the more soft- 
ness is desired the more the burning 
is completed. For springs, the flame 
is left to burn itself out. If the ob- 
jects are of various forms and sizes, 
the burning is repeated on the several 
parts till all are deemed equally tem- 
pered. The blades are finished by 
hammering and heating them again on 
a clear coke fire till they return to a 
straw-yellow hue. The coloration is 
then taken away by washing in dilute 
hydrochloric acid, and afterwards in 
plenty of water. 

(9) Some mechanics attach much 
importance to a hardening pickle, but 
probably failure comes as often by in- 
jury in heating the article as by 
hardening and tempering. An evenly- 
distributed heat of the proper tem- 
perature is alwolutely recjuisite to suc- 
cess, and this it is not always jwssible 
to assure by heating in an open fire. 
One portion of the article is liable to 
be overheated, while another portion 
is underheated ; judging of the amount 
of heat by colour is not always to be 
trusted ; a dark corner or a cloudy 
day changes the conditions from a 
light shop and a sunny day sufficiently 
to make a great and telling ditFerence 
in the amount of heat judged by sight. 

A perfectly reliable method of heat- 
ing for hanlening is by means of the 
lead bath. It is an easy matter to 
keep in the shop a crucible or iron pot 
of lead to be used as occasion demands. 
The article to l.>e heated for hardening 
will not suffer when in the lead bath, 
even if not closely watched, as is 
necessary at the open fire ; the melted 
. lead cannot pass to a degree of heat 
injurious to the steel. But one con- 
dition must be strictly observed— the 
lead must be pure and clean ; it is best 


to buy the mercantile pig for this 
purpose. 

In order to harden well, it is neces- 
sary to heat the article through and 
through. If the piece is of unusual 
thickness, as a tap or reamer of 3 in. or 
more in diameter, it is better to drill 
a hole through it from end to end, so 
that the heating can be even and the 
hanlening be equal. A tap of 4 in. 
diameter broke squarely across in the 
hardening. It was of solid steel. The 
drilling of an inch hole from end to end 
was practised, and a large number of 
the same size taps were hardened with- 
out a failure. (‘Scient. Amer.’) 

(10) Firstly' the steel must only be 
heated to dark red, which is the tem- 
perature at wliich a film of soot bums 
off. 

Secondly the heated article must be 
carefully protected from oxidation ; » 
hence a flame rich in carl)on must be 
used, and the immersion be done as 
quickly as possible, so as not to keep 
it long in the air. 

Thirdly, water used for hardening 
must 1)6 free from alkalies and lime 
carbonate. (Reichcl, ' Zeit. f. lustru- 
mentenkunde.’) 

(11) A great many different articles 
require to be hardened. The first will 
doubtless be a cutting-tool of some 
kind. Take, for example, a set of tools 
for metal-tuniing— say, gravers, chisels, 
and parting-tools. The tools having 
lieen filed up and prepared, a clear fire 
at a small forge will be the best means 
of heating them. The tools are held by 
the tang in a pair of small forge-tongs, 
and the blade must be heated sldwly 
until it is at low redness. Care must 
be taken not to over-heat the steel, or 
its cutting j)ropertie8 will deteriorate, 
and in that case it will be perfectly 
useless as a cutting-tool. When the 
steel is made to the desired heat, it 
must be plunged into cold water, which 
will render it perfectly hard, and if it 
were used in this state, the point, or 
cutting-edge, would immediately break 
off. It depends a great deal upon the 
material that is to turned w^t heat 
will be the best to make the tool before 



848 


Tempering and Hardening Metals. 


dipping or plunging it ; and another 
plan, used in some cases, is to take the 
extreme chill oflF the water. The 
hardening having been finished in a 
satisfactory way, proceed to temper it 
and make it fit for use. The face of 
the end so hardened must be cleaned 
either with a piece of emery-paper or 
on a grindstone— either will do, as long 
as the part to be tempered is cleaned so 
that the colour can be seen when it 
appears. Having got all the tools that 
are to be tempered ready, make a piece 
of bar-iron alwut | in. by 1^ in. red-hot, 
and on it place the t(K)ls, with the 
hardened end extending Iwyond the 
heated surface, and in a short time it 
will be easily noticed that the bright 
part gradually changes colour — of 
course, being deeper where it is nearest 
the iron. As soon as the cutting part 
gets to a straw-colour, it must be again 
dipped into water, to prevent its going 
deeper and becoming too soft for its 
purpose. There are also many different 
degrees to which cutting-tools for 
turning various substances should be 
what is termed “ let down to.” For 
example, a tool that is to be appro- 
priated for turning steel, especially if it 
is not well softened, will require to be 
harder than one that is to be used for 
turning brass or gun-metal ; therefore, 
if the latter is to be the material 
worked, leave the tool on the hot iron a 
little longer, until it becomes a darker 
straw-colour, or orange tint. Only 
practice will perfect anyone in this 
most useful branch of mechanics. Any 
workman of experience can tell in a 
moment wliat temper will be required 
for the many different purposes the 
various tools are used for. Another 
way, which by men of practice is 
generally adopted, is to heat the tool, 
then dip it into water as far as neces- 
sary, and let down the temper with the 
heat left in the other end of the tool, 
f he colour being obtained, the whole 
tool is cooled in the water, and the 
necessity for heating the iron is dis- 
pensed with. Assuming that a quan- 
tity of small articles are made, and 
ready to be hardened and tempered. 


I great c^re must be taken not to over- 
heat them ; the best way to avoid this 
will be to build a small hollow fire, and 
in this jdace an iron box, about 4 or 
f) in. square, and open at the end. 
Make it red-hot, and on the lower side 
idace the cutters in a row. The fire 
must be kept going, or the box will 
ccx)l ; they will soon get hot, subjected 
to the heat in the box. This not only 
makes a certainty of not burning the 
tool.-., but enables the operator to have 
a dozen at a time getting hot. When 
the whole lot are so hardened, the bar 
of hot iron nill be again retjuired. 

I While this is getting hot, the faces of 
all the tools can l)e cleaned, and then 
jdaced in a row on the hot iron ; and 
as they run down very quickly, being 
small, it is better to hold in the left 
hand a vessel of water, and with the 
right hfind push off each tool as it 
assumes the required colour. By this 
means a number of articles may be soon 
effectually hardened and tempered. 
There are other means for effecting the 
same purpose. One of these is the 
blowpipe. Have a large piece of char- 
coal, in which make a hollow ; there 
; place the object to be heated, and blow 
the flame into the recess ; it becomes a 
I miniature oven, and all the heat of the 
; flame is utilised. In making a spiral 
spring hot, prior to plunging, it wdl, if 
heated in an open fire, twist and bend 
all ways ; the best way to avoid tlus is 
I to get a piece of old gas-pipe, as near 
' the size as convenient, and lay the 
I spring in it, and then make the pipe 
j hot. The spring will soon get suffi- 
ciently hot, and a regular heat will be 
the result, and it will be more likely to 
j remain straight. The next thing will 
I be to plunge it, but not in water, 
j There are various opinions as to the 
best liquid to be used for this purpose ; 
some prefer oil and water, mixed. 
Another mode is to liave a vessel con- 
’ taining a body of water, with about 
1 in. of oil on the surface, so that the 
I heated spring passes through the oil 
I before it reaches the water. I give 
^ preference to a simple body of oil, and 
for a long tiling like we have under 



Tempering and Hardening Metals. 


849 


coneideration, a cylinder biscuit^-tin will 
be found as good as anything to hold it. 
The spring being now hardened by the 
immersion in the oil, it must of course 
be tempered, and the best way to clfect 
this is to blaze it — that is, after it has 
been placed in the oil, it should Ihj 
taken out and held over the fire until 
the oil upon it catches light, and 
according to the degree of temper the 
spring is required to have, so long 
must the oil be allowed to flare. If a 
mild action is only wanted, it may be 
allowed to burn out, and be immediately 
dipped into water ; exjierience alone 
can make any one proficient. The pro- 
cess of hardening a plain mandril is a 
piece of work with which great care 
should be again taken. Many people 
are under the impression that the 
mandril of a first-rate lathe should be 
all steel. This is an error, and it is 
only from want of knowledge tliat 
any one is impressed with this idea. 
To make a thoroughly good lathe the 
mandril must be comi>osed of iron and 
steel. 1 am speaking now of a plain 
lathe ; traversing mandrils are made of 
steel, but this is sjiecial. Taking, then, 
the plain mandril, the very best fagoted 
iron must be used, and round the part 
which is to form the bearing a thick 
ring of shear-steel must be welded. 
Cast steel will be of no use for this 
purpose, as it cannot be welded. The 
nose which eventually is to receive the 
chucks must be of iron. The mandril 
being fitted into its i)lace as it must be, 
it will 1)6 ready for hardening, and the 
first thing to do will l)e to protect the 
nose from getting hot. To effect this, 
it must be covered with clay, bound on 
with thin binding-wire. It was at one 
time considereti necessary for the heat- 
ing of a mandril to have a hollow fire, 
but this idea has gradually died out. A 
mandril is a thing especially liable to 
break when heated and dipped into 
water ; before dipping or plunging the 
mandril into the water, make a piece of 
iron hot, and stir the body of water 
with it. This is, to a certain extent, a 


dril must not be simply put into the 
j water and taken out again, but moved 
• about and allowed to remain until cold, 
or nearly so. The traversing mandril 
is made of the very finest steel to be 
obtained, and as it has to be bored 
through, and is not of sufficient sub- 
stance to admit of welding, the nose is 
in the solid with it. In hardening one 
of this description, a somewhat differ- 
ent process will have to be gone 
through. An experienced turner will 
detect at once, when turning a man- 
dril, whether it is likely to require to 
be uuule to a greater or lesser heat ; 
for instance, if the steel turns short 
and crumbly, so to speak, it will re- 
quire less heat than if it will admit of 
a long sliaving being taken, and is, in 
fact, of a much softer texture. A 
traversing mandril will be about 14 in. 
long, and will only require to be 
liardened where the fittings or bear- 
ings take place ; that is, about 2 in. 
from the collar at the front, and in. 
at the small end, leaving 1 in. quite 
soft at the extreme end, where the 
guides are to be fitted. The first 
thing to do will be to protect the nose 
from being made hard ; this can be 
done, a.s in the case of the plain man- 
dril, with clay. There' are differences 
of opinion as to whether the nose 
should have the screw cut upon it 
Defore or after it is hardened. One 
thirtg is sure : that if cut first, it will 
certainlyreiiuire correcting afterwards ; 
but if it can be kept perfectly soft, it 
is better to do it when the mandril is 
hardened. One reason why more care 
is required with this kind tlian with 
a plain mandril is that it is longer, 
and there are two bearings to harden 
instead of one, and the nose being of 
! the same steel as the mandril itself, 
it has more risk of becoming hard. 
Having protected the nose, proceed 
with all care to harden. First make 
a clean fire, free from clinkers, and 
heat the end that has the collar on it 
, first ; when sufficiently hot, which 
will be a deep blood colour, plunge it 
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ing : Before dipping, have a pail of 
clean water ready, and when the work 
is hot, Ibake a stick and twist it round 
about in the pail, and so form a kind 
of diminutive whirlpool, the mandril 
being placed in the centre. The action 
of the water, in its circuitous course, 
tends to assist in keeping it in its 
original form ; but take what steps 
you may, it is impossible to rely on 
its being straight after it has been 
through such a course of treatment. 
The one end having turned out well — 
that is to say, hard — and not very 
much distorted the other part may be 
done in {n*ecisely the same way, and 
when this is finished, it will be con- 
soling to find the mandril is still intact, 
as it has often happened that, before 
going so far, it has broken. But here 
even the anxiety does not cease: it 
may be perfectly hard, not scaled nor 
broken, but, when placed between the 
centres of the lathe, it may be so 
crooked that it would be out of all 
character to try and grind it into 
straight line again. Mandrils of this 
kind were at one time always tem- 
pered so that they could be turned 
with a diamond point ; but since the 
introduction of emery-wheels, this is 
avoided, and they are left perfectly 
hard, and ground true by means of a 
small emery-wheel running between 
two centres driven at great speed. 
But before grinding it true — that is, 
absolutely so — it must be brought as 
near as possibly so other means ; and 
it is here that the anxiety comes in. It 
may possibly l)e found when the spindle 
is placed between the centres, that it 
is bent in two directions ; should this 
be the case, it is not at all an easy 
matter to correct it. It must, how- 
ever, be done with the pane of a 
hammer, and the mandril itself placed 
upon a flat surface, and the blow firom 
the hammer take effect upon the oppo- 
nte side to where the error is ; this is 
where tbe danger of breakii^ is, be- 
oaoeeasudden or uneven jar is likely to 
m^e the mandril suddenly two pieces. 
Somerinies the steel, from various 
.causes, will bear the blow upon the 


same 8i4e. The mandril must be held 
firmly in the left hand, and with the 
right hand tlie hammer is applied 
gently. Do not blow the fire fiercely, 
but let the material get gradually hot 
through, and then, when it is so, do 
not plunge it in the water, and with- 
draw directly to see if it is cold ; let 
it remain there till it is so. I have 
fretiuently heard a piece of steel crack 
some little time after it has been out 
of the water, but at the same time 
tliis may be no fault of the person who 
is hardening it— it is a thing that will, 
and unfortunately does, occur. Some 
authors direct that the nose of a man- 
dril should be left as hard as possible 
This is quite an error : let the nose of 
all such work be kept as soft as possi- 
ble. In the hardening of small centre 
screws, and for such things as hori- 
zontal cutters and the like, many are 
broken from the fact of being made 
hard on the screw part ; it will be 
clear tliat if the screw fits at all tight 
upon entering, it leaves the chance of 
the point l)eiug twisted off. To avoid 
this, do not harden it, and the way to 
prevent it is to have only sufficient 
water in a flat-bottomed saucer, and 
when hot place the screw point down- 
wards into it and move it alx)ut. Be- 
fore the small body of water gets hot, 
remove it quickly into a greater body, 
and cool it, (J. H. Evans, ‘ Eng. 
Mech.') 

Softening Iron and Steel.— 

Softening Cast-Iron . — («) Heat the 
metal to a bright red, cool quickly in 
water, reheat, and then anneal 
cooling riowly in ashes. 

(&) Heat the metal to a red heat, let 
it he a few minutes until nearly black, 
and- then throw it into soapsuds. 

(c) Place the castings, surrounded by 
saw-dust, in an iron box, close it up 
with clay to exclude the air, and sul^ 
ject it to a red heat for several hours. 
The castings must be cold before they 
are withdrawn. 

(d) Hard iron castings may be sof- 
tened by the fbllowing process, accord- 
ing to the Deutsche Scjdosser Ztliwng : 
The ttitire casting is brought to a rsd 
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heat and then slowly cooled while 
covered with carbon dust. If the 
castings to be softened are small, a 
number of them are packed into a cru- 
cible and materials are arlded which at I 
red heat give ott“ carlx)n to the inm. 
The crucible is carefully closed, and is 
gradually heated and kept for a couple 
of hours in a funwuje or an open fire, 
and then also slowly cooled. Suitable | 
materials for supplying the carlnm are ! 
cast-iron lathe-chips, sotla, {)r raw j 
sugar. If sugar is used, it should l»e 1 
added in considerable quantity. : 

iiofteniiuf (’over them j 

with oil and hold them over the fire i 
until the oil blazes ; as soon as the j 
flame runs all over the file, plunge it j 
into water. 

(b) Put them in a nuKlerately hot 
oven for half an hour if large file.s ; but 
if small the first plan is the Ixist. 

Haedicke observes that it is well 
known that in order to harden steel it 
is not necessary first to harden the 
metal and then to reduce its degree of 
liaixlnesH by teniy)ering, but that any 
desired degree of hardness can be pro- 
duced by hardening in various solutions. 
The temperature of this stjlution and 
its degree of conducti\ ity for heat are 
important factors in the matter. The 
use of the press, too, in tempering, 
especially in the manufacture of saws, 
is of frequent occurrence. The saws 
are hardened in fat, and whilst still 
warm, or after placing between warm 
plates, temi)ered under pressure. 

On a combination of these two 
processes depends the so-called direct 
press hardening. The apparatus used 
consists of a press provided with two 
hollow metal pieces, which, according 
to requirements, may either be 'kept 
cold by water run into them, or may 
be heated by steam or oil. The tem- 
perature can be read off on thermo- 
meters. The steel sheet to l>e har- 
dened is transferred direct from the 
furnace to the press, and placed there 
between these two hollow slabs, sub* 
IMquenbly leaving the press with any 
desired degree of hardness, and in per- 
fect shape, not requiring any subse- 


quent straightening. In the case of 
certain steels, the natural temperature 
of the press is often adequate to en- 
sure the required condition of hard- 
ncKs. Only when the hollow plates 
are warmed by a large mass of metal 
being treated is it necessary to pass 
water tlirough them. It is sometimes 
desired to have the pieces of metal 
that are to be hardened somewliat 
softer in the centre. This is readily 
pohsiblc by slight alterations in the 
shape of the hollow pressure plates 
when this process is employed. 

jAud Temperinii . — In some experi- 
ments made by the Chatillion-Com-* 
mentry Steel Company with steel for 
gun tulies, projectiles and armour 
plates, the steel was heated to a red 
heat and allowed to cool gradually in 
a liath of melted lead. The elastic 
limit, breaking strength, and elonga- 
tion were ver}' largely increased. Bray- 
shaw’s salt-1 With steel hanlening fur-, 
nace consists of a furnace which can 
be heated cither by coal or producer 
gas, and a uniform temperature can be 
secured. The bath itself is a mixture 
of i)otassiuni and sodium chlorides 
fluid at 700*^ C. On immereing a cold 
tool in this mixture a partial solidifica- 
tion of the l»ath occurs, with the re- 
sult that a gradual absorption of the 
heat is secured. 

Feodorossieff’s process for hardening 
steel and iron consists in the employ- 
ment of glycerine. The specific 
gravity of the solution of glycerine 
may Ije varied between 1 * 08 and 1 • 26 
at 16*^ C. by adding water as required. 
Its temperature may also be varied 
between 15° C. and 200° C. according 
to the hardness of the metal, it being 
found advisable to employ a high tem- 
perature for hard steels. To increase 
the quenching power of the bath, 
various salts may be added to the 
glycerine solution, manganese or po- 
tassium sulphate being added when a 
hard temper is requir^, and manga- 
nese chloride or potassium chloride ^ 
a softer temper. Owing to the wide 
limit of variation of the temperatm^ 
of the solution and thej^ quenchtog 
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power, it is possible to ti-eat very differ- 
ent qualities of steel by tliis method. 

Copper. — Hardening and Touffheri' 
ing . — Everitt of Birmingham uses 1 to 
6 per cent, manganese oxide (the iMJst 
is the natural black oxide) and mixes 
this with the copper in a crucible. 
As soon as the mass is meliotl, the 
oxide is thoroughly stirre<l in, and the 
resulting scum cjirefully removed ; it ; 
is then fit to cast. In the preparation of 
brass the same takes place, and then 
the zinc is adrled. Although chiefly 
used for brass plating, it is well adapted 
for other platings in which copper 
forms a chief ingredient. The copper 
is rendered more homogeneous, harder j 
and tougher ; it can be rolled at a red j 
heat, thus saving a great deal of time j 
and labour. It lias shown itself best 
suited for steam-pijies, axle-boxes, 
ship-plates, etc. (‘ Iron Age.’) 

Trials made at the Mansfield Cojiper 
Works have proved that an addition of 
0*45 per cent, of manganese-copper is 
sufficient to toughen copper, which 
only retains 0*005 to 0*022 per cent., 
while the greater portion, after having 
taken away the absorbed oxygen, is 
carried off in the refinery slag. J^fan- 
ganese-copper lias also a beneficial in- 
fluence upon the toughness and density 
of thin copper castings, such as thin 
sheets, tubes, kettles, cauldrons, and 
other kitchen utensils, wliich formerly 
were beaten or pressed into shape ; 
copper oast with an addition of the 
all6y shows itself extremely tenacious, 
and tubes of U- in, diameter and only 
0*07 in. thickness will stand a pressure 
of over 1100 lb. per sq. in., when 
water begins to lie pressed tlirough the 
pores of the metal. It appears that 
cast copper,” which can be brought 
in any required shape without the 
necessity of soldering, beating, ham- 
mering, pressing or drawing, vrill in 
future play a considerable part in the 
arts iind manufactures. 




Tile-Laying. 

Tile-Laying for Hearths.— 

Whenever it is proposed to lay a tiled 
hearth in front of a grate, it is usual 
Uy have the tiles come level wdth the 
wood floor. The unusual exception to 
this is when a stone or cement hearth 
already exists and it is intended to fix a 
new grate, and a permanent stone or 
majolica fender kerb. In such a case, 
the hearth tiles are sometimes laid on 
top of the old stone heartli, to save 
cutting it up, but only when the 
fender kerb is going to be fixed {ler- 
manently and immovable is tliis ar- 
rangement permissible. When the 
tiles are laid level with the floor, the 
hearth space, cut out of the floor 
boards, is always provided with a wootl 
“ border,” as is shown in Fig. 226, 
this generally lieing of oak about 2 in. 
wide anil ^ in. to ijt in. tliick, and rebated 
in the floor boards. The Ixirder comes 
along the front and at each side of the 
hearth space. 

The reason for referring to this is 
tliat the bonier, if already fixed, con- 
trols the arrangement of the tiles ; 
while if not alre^y fixed, it is desirable 
to carefully measure up the tiles and 
liave the joiner make the border to fit. 
It will be seen how troublesome it is 
to have the tiles an inch larger or 
smaller tlian the space within the 
border. Quite apart from the work of 
cutting and fitting, there remains the 
fact that cut tiles never look so well 
as whole ones. Neither is it safe to 
say that a space 4 ft. wide will take 16 
3-in. tiles correctly. Different makes 
of hearth-tiles vary a little in size, and 
even one maker’s tiles may be found 
to ^er if the hearth is made up of 
two colours. A difference as great as 
} in. may be found in 3-in. tiles, but 
so little as in. will make | in. in 
a hearth 4 ft. wide. Nothing looks 
worse than having to fill in i in. or a 
wider space at each end of a hearth of 
tiles, or, as some do, make thick ioints 
i between the tiles. On the other tumdr 
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tiles Inay run over their nominal width, 
thereby necessitating cutting. When* ' 
ever it is possible the tiles should fit as ' 
accurately and 1x5 arranged as uniformly 
as the sketch, Fig. 226, shows, and in 
the majority of cases this is quite 
possible if care is used. On no ac- 
count shtmld a workman commence I 
laying the tiles from one end of the 
hearth, resolving to make a fit at the 
other end xmru'lurw. Measurements 
should always lie first taken, the tiles 
Ixsing correctly laid out on the floor. 
It is so often possible to get a nice fit 
by using “ slips ” (narrow tiles), which 
is far better tlian cutting, or, on the 


be fillei in with a wood strip, unless 
the margin is wide enough for a narrow 
‘ ‘ slip ” tile of the same colour. Should 
the tiles be a little too wide, then the 
outside tiles at each end must be cut. 

In cutting hearth-tiles the chisel is 
the recognis^ tool, and this may be the 
best thing to use when only a narrow 
strip has to be removed. In using a 
chisel, cut through the glazed surface 
of the tile first, then cut the unglazed 
back. If more than a J-in. piece has 
to be taken ofl" the tile, or if a tile has 
to be cut to an awkward shape, then 
the plan that ensures the least break- 
ages is to nip pieces off with a pair 



other hand, making up with cement. 
Workmen who, on measuring up, have 
found that an extra inch is needed in 
the tiles and have got this by making 
thick cement joints between the tiles, 
cannot be too greatly condemned. 
The appearance of thick cement joints 
is MJ^cularly objectionable. j 

It is always possible to get a correct j 
relationship between the wood border 
and the tiles when the work is in a 
newly built room, or rooms, in which 
the carpenter can work to the tile- 
layer’s measurements ; but in houses 
already built the wooden borders 
already surrounding the existing 
hearths must be worked to. In such 
cases, if the tiles leave more than an 
l-ia. gap each end, the space should 


I 7-in. or 8-in. carpenter’s pincers. 

I About J-in. pieces may be nipped 
at the time. No more time is occu- 
pied this way than when using a 
chisel, and a straight line can be 
worked-to quite as well. Tiles, after 
I being reduced by either chisel or 
pincers, can have their edges rubbed 
true and smooth on a piece of stone 
with some sharp sand and water. 

There is a difference of opinion as to 
, whether a hearth should be laid before 
I or alter the grate is fixed. If the 
grate is already fixed, the hearth is 
^d to the grate, but whra hearth and 
grate are new together, the writer 
&vourB the laying of t^ hearth first. 
The chief reason for this is that the 
grate is given a firm and level bed to ' 
2 A 
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stand upon, and, most importantly, 
there is no cutting of tiles to fit the 
irregularities of the grate along its 
front where any rough work must be 
the most conspicuous. If the grate is 
fixed first it is usually packed up on 
some pieces of wood or slate in the 
front to admit of tiles l)eing slipped 
under as well as po.ssible, but it 
is a most unhandy job, particularly 
remembering that tlie laying of the 
tiles proceeds from the front towards 
the b^k. Then as the tiles are laid 
the packing has to l)e removed, with 
the possibility of the grate dropping 
a little. With this plan, too, there 
is not such a certainty of getting the 
ash-pan or economiser to fit as perfectly 
as it should de. Should the hearth 
be laid first, it will afford a firm and 
level base for the grate, and all that is 
necessary for the pn)tection of tlie 
hearth during the grate-fixing is first 
a cloth, then some boards laid over. 

Assuming that there is a suitable 
concrete b^ or bise, the first operation 
is to float on the cement on wliich the 
tiles are to come. This bed must be 
quite level and of even surface, or the 
laying of the tiles will be more or less 


makes it* set more slowly and gives 
better time for the correct execution 
of the work. 

Some little time before the tiles are 
vranted for laying they shfmld l)e put 
to Bojik in water, for if any attempt is 
made to do without this, the work 
will be a failure by the tiles Incoming 
loose. In laying them on the prepared 
cement bed, wlule it is moist, it is only 
necessary to have a little fluid cement 
on their undersides. Mix up some 
neat cement, on a board, to a cream, 
then as each tile is taken from the 
water rub its underside in the fluid 
cement, then place it in position on 
the cement bed. No cement is needed 
on the edges or sides of the tiles ; they 
should come quite close together. 
Let the centre front tiles lie laid first, 
careful measurement being taken to 
ensure the first tiles coming centrally. 
As already stated, if any cutting is to 
be done, let it be the end tiles, pot 
centre ones. 

As soon as the tiles are in position 
on the cement bed, a flat block of wood, 
with its extreme edges slightly rounded, 
is used for levelling and beating them 
down. This piece of wood is laid on 



like bad work. The cement is gauged 
1 6f cement and 1 of sand, and when 
first roughly laid on, it should not be 
too wet, but just moist enough to 
be spread out fairly level with a trowel. 
The “ rule ” is then used, this being a 
piece of wood like Fig. 227, cut away 
on the underside at the ends to a 
little greater depth than the thickness 
of the tile. The length of this rule is 
such that the notch^ ends rest on the 
wooden border of the hearth at each 
side. Some tile-layers use neat cement 
for the bed, in which case, if the 
oementris quid^tting, it is customaiy 
to it, ti^ being done by dis- 

turbing its initial, set before it is hard, 
sad remixiiig it vrith water. Tins 


the tiles and beaten lightly, being 
moved a little at almost every blow so 
as to ensure each tile being beaten 
evenly. A straight-edge can be used 
to test this. One efiect of the beating 
will be to bring any superfluous water 
to the surface, and this can be wiped off, 
and if any joints look hollow, a little 
dry cement can be dusted on, and 
worked in, this being taken up by any 
moisture there may be in the joints. 

The final thing to do is to clean off 
the surface of the tiles, and clean out 
the joints. This latter detail needs 
attention, as the top edges of the tiles ^ 
are slightly bevelled and any cement " 
settlii:^ there makes what appears to 
be quite a thick jciinju 8v«ce tha 
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Betting is quite hard, the hearth must tion for the kerb, its fixing is done 
be looked over for cracked, defective or before the hearth is laid. It should be 
small tiles. These can be lifted out squared from the mantel jambs, and 
with a thin knife blade, and replaced be bedded in compo. The joints 
with others. be made in plaster, and should a white 

There is now a considerable demand joint be objectionable, a little colour- 
for glazed earthenware fender-kerbs ing matter can be mixed with the 
(majolica kerbs, as they are called) and jointing material, 
as many of these have to be cemented In laying the hearth it is necessary 
in position, they require consideration, to first lay two pieces of wood, or 
One important point is that no wood screeds, on the lower bed, these screeds 
border is possible to use a “ rule ” on. being levelled to the required height 
There are kerbs of this kind that are and level of the cement tde bed. The 
sent out made up in one piece, and are <»ment is then laid and levelled by a 
placed down and used like a metal straight-edge or rule running on the 
kerb, in which case the hearth is laid two screeds, as Fig. 228 shows. When 
as already explained. If, however, this is done, the screeds can be lifted 



Fiq. 228. 


the kerb is in several pieces, and is 
cemented in j)laco, then the first thing 
to note is that it cannot be fixed on 
the wood floor, as its fixing could not 
remain sound long under these con- 
ditions. If the building is an old one 
and a cement hearth and its wooden 
border already exist, the question 
arises how the kerb can be fixed 
without placing it on woodwork, to 
which it will not adhere. It cannot 
be placed inside the existing wood 
border, as tliis would probably make 
the hearth too small, and if the wood 
border is taken up and the spi^ 
enlarged, the trimmer and other joists 
are exposed. In consequence of this 
it may be considered tliat the kerb in 
one piece, just referred to, should 1» 
used, unless either the old hearth is 
lai^ enough (as it sometimes is) to 
take the kerb within its area, or the 
bed of the existing hearth can be en- 
larged. 

Aasuming there is a proper founda- 


out, and their spaces filled in with 
cement. The tiles are then laid as 
j already explained. 

Laying Tiles m Perpendiculwr Swr- 
faces around Orates . — For tiling the 
1 surfaces around the openings in which 
) basket grates are fixed, or on the 
j splays each side of grate “ interiors,” a 
' different process is employed. In this 
i work, the groundwork is either plain 
i brickwork (which should be plumb and 
true) or brickwork roughly cemented 
over, the surface being purposely 
roughened to form a key for the cement 
bed of the tUes. The sement tQe-bed, 
instead of b^g spread evenly over the 
foundation to receive the tiles, as with 
hearthwork, is plastered on the b^ of 
each tile before it is put up in potion. 
The groundwork is well moistraed 
before the tiles are put on it. Judg- 
ment is required in gauging the amount 
of cement ipaterial to put on the back 
of each tile. If too much is put on, 
partof it will be feroed under ^ tUea 
2 k2 
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already laid, and this will lift them ' 
out of truth. -Any attempt to tap these 
back will cause others to hft and loosen. 
The cement generally used is Parian or 
killed Portland. The tiles must be ' 
well soaked previous to use, in fact 
they are usually taken direct from tub 
or bucket by the tiler as required. The 
groundwork must be kept nicely moist 
as the work proceeds, and if the mate 
brings tha tiles, he should only serve a 
few at the time, or they will become 
too dry. 

The customary way of going to work 
is to take a tile in the left ^nd and 
with the trowel spread some cement 
over the back surface, leaving a cavity 
in the centre and bevelling all the 
cement clear from the edge of the tile. ' 
Before placing the tile up all the j 
edges must be quite clean, as the tiles 
should come close together with no 
cement between them. The tile is 
then put up and pressed on to the 
brickwork with the hand. It is next 
tapped lightly, a few times, with the 
handle of the trowel, and this should 
give the tDe a firm hold. As described 
with hearths, careful measurements 
should first be taken, that unnecessary 
cutting, or cut edges, or thick joints 
in conspicuous places, may be avoided. 

In tiling up the splay sides of grates 
it is advisable to run the trowel down 
between the tiles and the iron-work of 
the grate (while the work is soft), or to 
get a crevice there by some means, ' 
otherwise the expansion of the iron- 
work, when heated, may loosen or even 
push some of the tiles off. It is one 
of the difficulties of tiling around 
grates to make allowance for iron-work 
expanding and contracting. It is on 
this account that slabbed panels are so 
much used. These are next described. 

Slabbing Tile Panels.— What 
is known as slabbing tiles to form 
panels, is work that should now be 
practised in all ironmongers’ and 
stove merchants’ workshops. A large 
. numbeh, almost the majority, of grates 
used in good houses are novsof a design 
, called “ interiors "—a design that will 
' probably be common^for many years— i 


these coAsisting of the fire-box portion 
of a grate, leaving the side splays to ^ 
be made up with tile-work. Some- 
times the tiles are cemented up at the 
time of fixing the grate, but there exists 
a large demand for panels formed of 
tiles on a cement back — slabbed panels 
as they are called — as being easier to 
fix, and answering the purpose best. 

In show-rooms devoted to fire-grates, 
there is always a number of such panels 
exhibited, it being recognised that 
whoever buys an “interior” grate, 
must require tiles for the side splays. 

Hitherto the making of slabbed 
panels has been done almost wholly 
by the tile makers, this practice neces- 
sarily increasing the cost very greatly. 
There is the tile-makers' profit, carriage 
to the tradesman’s warehouse, packing, 
breakage in transit, and the handling 
of packages. Practically all this is 
saved when the panels are made by the 
tradesman— perhaps more, for it is a 
stock job that is given to workmen in 
slack times. 

In this work it is best to use small 
tiles. The 6 in. by 6 in. tile is not 
favoured unless it is used as a centre 
tile of special design. The 3 in. by 
3 in. tile and the 6 in. by 1 in. (and 
smaller) slip are the best, and it is now 
the rule to use tiles specially made for 
the work, these liaving keyed backs. 

It is not impossible to use plain backed 
tiles, but those with keyed backs are 
to be preferred, especially if the goods 
are to travel, or be subject to vibration. 

The slabbing of tile panels has been 
considered a secret art and certainly 
the method of doing the work is not 
common knowledge. The chief secret 
detail lies in the cement used. Ordi- 
nary cements, Portland, etc., are not 
suitable, but most laige builders' mer- 
chants keep a suitable cement. The 
writer uses what is called gnmito 
plaster, a quality known as btiok-X 
(with sand), a specialty of J. Ki^wlee 
and Co. (a firm having about twenty ^ 
depots in London). This matei^, ' 
mth sand, costs 3i. per 160 lb. 

The way to go to work is to firet fit 
up a firm bench or table, large enough 
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to take 9 pair of penele or ae much 
larger as may be desired. Cover the i 
top of this with a slab of slate, fixed ; 
level. A piece of billiard table slate 
will do, or any firm of slate* workers 
will cut a slab to the required size. 
The panels are formed in a framework 
of wood. If certain fixed sizes of i 
panels will be wanted, then suitable j 
wooden frames can be made ; but for j 
irregular sized work, the edge of the ' 
bench must made, so that slips of 
wood (battens) can Ixj secured to it to 
form the frames for any size of panel 
proposed. Having seen the table top 
is clean, and arranged the frames to 
the size of the intended panels, the 
next thing is to arrange the tiles face 
downwards inside the frames. Need- 
less to say, the tiles are well soaked in 
water first, as is necessary whenever 
tiles are to have cement adhere to 
them. The tiles should be taken 
straight out of the water and laid on 
the slate, and the cement should fol- 
low before tlic tiles Ixjcome at all dry. 
Great care must l)e used in arranging 
the tiles, if a pattern is l)eing worked 
to, as once the tiles are laid down they 
will not 1)6 seen again until tiie slab is 
set and hard and beyond alteration. 
In laying the tiles, let them come close 
U)gethcr, as no cement need come 
between the edges ; in fact a cement 
joint visible from the front (when the 
panel is finished) is not evidence of best 
work. The tile-makers cause a deal 
of trouble in this respect, for a 3-in. tile 
may be anything from 2 J in. to 3]( in. ; 
even the same maker, supplying a second 
lot of the same colour, may not send 
tiles that will quite match in size (nor ! 
in tint). Needless to say, all joint { 
lines must be true, as nothing catohes | 
the eye quicker when the panel is fixed ; 
and inspected. It would be thought i 
from this that a table with a thick glass 1 
top would be desirable, the face of the 
panel thus being visible for inspection 
as tile work progressed. ' In practice, 
however, the man who does the work 
soon gets over these possibledifficulties. 

Having arranged the tiles, face down- 
wards, in the fi^e, afid seen that the 


backs are moist, a little thin cement is 
laid in, this being worked into all 
crevices and the keyed spaces. Follow- 
ing this layer, while moist, comes a 
more substantial backing of the cement, 
making the slab to about half its 
finished thickness. On to this layer 
two irons are laid and pressed slightly 
in, after which the final amount of 
cement is added. The irons (which 
should be prepared ready) are strips of 
hooping, about g in. wide by -X in. 
thick, nearly as long as the panel, and 
bent slightly circular. They are not 
circular on ^ge, but circular as they 
lie flat, forming a long ) (. These 
form a bond, and are very helpful in 
stiffening the whole. The slabs should 
not be removed from the frames in less 
tliaii two days, after wliich they should 
stand in a moderately warm place for 
another day or two to harden. ■ When 
hard the faces are cleaned, and all 
cement (if any) carefully scraped out 
fn>m the fronts of the joints between 
the tiles. No cement jointing material 
should be visible. Occasionally ordi- 
nary plaster is added to the special 
cement to hasten the setting, but this 
should not be done unless tlie maker 
of the cement says it is admissible. 

Tiling Floors.— (a) To ensure a 
sound job, first prepare a foundation of 
concrete at least 4 in. thick ; this must 
have three days to set before the tiles 
are laid, and must not be otherwise 
disturbed. Portland cement and sand 
should be used to lay the tiles. Cover 
the tiles with boards as soon as laid, 
and walk over them as little as possible 
for three days. 

(h) The groundwork must be made 
quite level by means of screeds, with 
Portland cement and sand, thrM and 
one, upon a bed of concrete. No vibra- ^ 
tion must be in any way permitted. 
Where the tiles are to lie, have a pail 
of water and soak a numb^ of tiles in 
tins water for about a quarter of an 
hour. The Portland cement and sand 
bed must be quite set before commen- 
cing to lay the tiles. Have a person 
to serve you, and have a good mat under 
your knees.' TJhe man serving must 
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make up some Portland cement, almost ' 
a liquid. Lay this evenly across the | 
hall about the thickness of a penny ' 
coin, about 12 in. or 18 in. in the 
width, and begin laying the tiles. When 
the 18 in. of work is done, pat the 
tiles gently down with a plasterer’s float, ! 
so as to get them all evenly laid, and, 
before proceeding to lay another 18 in. , 
make a thin grout of Portland cement 
and pour it on to the laid tiles, so that 
it will run into all the joints, and when 
nearly set clean off with a clean rag. 
Now proceed further along the hall in 
the same way until finished. Have 
proper straight-edges to work with, and 
do not lean upon the tiles without a 
board under your hand. If it is a 
pattern with a border y(ju desire to lay. 
have an assistant who is accustomed 
to this work. 

(c) Let the tiles soak in a tub or pail | 
of water until thoroughly saturated ; | 
screed the bed for laying them, one part i 
Portland cement to three of good clean- | 
washed fine roa<l-grit, or even pit sand. | 
Lay the tiles, after draining off super- | 
fluous water on the bed, which should j 
not be very soft. Lightly beat them 
level with a flat piece of wood and 
hammer. Now with a piece of flannel 
draw off by lightly licking over the 
beaten surface all water, cement, and 
grit that works through the joints. 
This is essential to a clean job. Leave I 
until hanl— say, following day — when I 
grout up all joints with ‘ ‘ neat ” cement, i 
and when nearly set, scrape off and 
polish up with Siiwdust. 

(d) For floor tiles use killed cement, 
which is Portland cement mixed up 
and flowed to set, care being taken i 
not to let it set too hard. Then knock | 
it up again so as to kill it. This will j 
make it fat. Mix up sand and some 
fresh cement, and add some fat stuff , 
to it, so as to make it work tough, and 
smooth well ; soak tiles well, and let 
drain off. Tliere should not be more 
thfn \ in. bed under tiles. 

FLuof : Tiles on Wood. ~ 
Attempt^ have been made to do this, 
using a cement of white-lead, or putty 
. reduced to a sticky paste with linseed- 


oil, but, this is not so successful as 
screwing the tiles on. The latter takes 
a little longer to do, but it is more 
lasting work and in event of injury it 
is so easy to remove a broken tile and 
replace it w'ith a sound one. When 
la^e quantities of tiles are required, 
makers will prej)are them with the 
extreme corners iKJvelled off, without 
extra cliai^e, but failing this the 
comers can be nipped pff with carpen- 
ter’s pincers. Tliis is a better, quicker 
and safer way of removing the comers 
than using a chisel. The object in 
removing the corners is to make a place 
for the screw to pass through to the 
wood. 

Having prepared the tiles, they are 
put up one by one, the screw having a 
waslier come beneath its head as 
229. It is possible to get polished 



brass, or nickel-plated iron, screws and 
washers for this work, the washers 
being pan or saucer -shaped, as Fig. 230 



Fig. 230. 


shows. A wooden rebated bead should 
come at the outside edges, or at angles, 
of the tile work. 

Mosaic Floor-Laying.— It may 

be stated at the outset that the design* 
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ing of mosaic patterns is artistic work 
of a high order. The actual Mesigners 
are, in fact, artists in every sense, and 
are employed as such. Their work is 
wholly done on pai)er, the laying of 
the pieces of marble or prepared tes- 
sene l)eing work they have no know- 
ledge of, except that which is necessary 
to guide them in the prepiration of 
designs. On this account it is the ex- 
ception rather than tlie rule to see the 
design formcd'by the workman in the 
execution of liis work, for if we bike a 
quite onlinary got)d border design, as 
Fig. ‘231, It will be seen that for a 



workman to lay this direct on a cement 
l)cd, each little piece one by one, and 
yet keep the design uniformly re- 
peated, is a task that would be beyond 
many, and tlie cost would be excessive. 
It is sometimes done by means of tem- 
plates in filling small areas, but for 
extensive work the plan of fimt ar- 
ranging the tessera? on gummed sheets 
of paper proves tlie most expeditious. 
Even with this, however, considerable 
practice is needed for good work. Any 
firm doing tile laying on a large scale 
will acknowledge that their men who 
are clever at la 3 ring ordinary tiles are 
not necessarily good at mosaic, in fact 
it app^rs to more a rule that a 
good tile-layer is an indifferent mosaic 
hand and vice versa. 

There are two recognised kinds of 
mc^c work for floors, one being tliat 
which is composed of small cubes of 


marble, the other having the marble 
replaced by burnt clay or tile ware. 
The latter, termed “Ceramic mosaic,” 
is composed of small cubes of the same 
material as floor tiles, and as a rula 
the cubes are smaller than those 
made of marble. 

Marble mosaic may be made up of 
many coloured marbles, from reds 
through various rich shades of brown, 
orange, yellow, greens, blue-grey, black 
and white. The pieces, which are 
irregular culxjs, average J in. to ^ in. 
square, some lieing a little smaller, 
wliile pieces a.s large as ^ in. are used. 
Much de|)euds on the area and quality 
of the work, but, be it noted, mixed 
sizes are not used on the one job. 
The pieces of marble are sawn or cut 
to size, the waste and debris of marble 
works and quarries being put to good 
use in this way. 

The first thing to be done towards 
laying a mosaic floor is to well ram 
the earth, and if a quantity of broken 
))rick rubbish can \ye rammed in it is 
l)eHt. On the top of this comes 4 in. 
of concrete, then a floated face of 
Portland cement and sand, carefully 
screeded level, as already explained 
under Hearth and Floor Tiling. The 
cement used, in which the tessera? (the 
pieces of marble) are bedded, is usually 
more of the nature of a plasterer’s 
putty or fine mortar. Take a suitable 
quantity of chalk lime, and slake it 
with water, and then leave it in the 
open air a few days. Sift this and 
mix with it a good proportion of finely 
crushed brick and moisten with water. 
Let the mixture be well beaten and 
worked, and a good mellowed mortar 
will result. If the cubes are to be 
placed into position, a piece air the 
time, by liaud, some of the mortar is 
first spread down, and then the cubes 
are tapped into this with a light 
hammer. When al-l are in, the sur&ce 
is beaten by a block of wood struck 
with a hammer, or the surface can be 
rolled with a fairly heavy roller. 
When the whole has set hard the next 
process is tliat of rubbing the surface 
smooth and polishing it. 
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Before describing the polishing, re- 
ference must be made to the method 
of laying the cubes in large numbers 
at the time by preriously affixing 
^^them to sheets of paper. This is a 
plan that is specially desirable when a 
design has to be repeated a great 
number of times, and in all cases it 
^onomises labour. The first thing to 
be done — in the office— is to sketch 
out the design in full size, on |mper, 
and, in the case of repeating designs, 
then have a sufficient number of exact 
copies (on i>aper) made. Having a 
tray ready at hand, with culies of 
different coloured marbles in divisions, 
the man (it is work commonly done 
by girls at tile works) commences 
covering the design with suitable 
cubes, all being placed face downwards 
and gummed in position on the paper. 
The design on the pajKjr is always 
drawn the opposite hand to what is 
to appear on the laid fi(K)r, jih the 
arranging of the cubes on tlie pajwr 
necessitates their Iteing put face 
downwards, the whole being reversed, 
i.e. turned over, when it is laid on the 
floor. 

The person who arranges the cubes 
on the paper has to be provided with 
an iron block and a tool known as a 
scabbling hammer. This is a hammer 
wittfa short handle and a long head, 
which is bevelled to a long but blunt 
chisel-edge each end. This is used to 
cut or chip the cubes on the iron 
block, to suit irregularities in the 
design. The pieces of paper, before 
the cubes are put on it, are cut to 
about 3 ft. square or any less dimen- 
sion, in fact the 3 ft. size is rather large 
for handling. The operator, with the 
papdr design in front of him or her, 
puts a layer of gum on a small portion, 
arranges the cubes on this, then gums 
a fuller space, and so on until the 
sheet is covered. 

These prepared sheets of cubes are 
sent to the workman on the job— the 
mosaic layer. He should liave a sketch 
design of the whole floor, and each 
sheet of cubes should be numltered to 
correspond with a uumbered space on 


I the sketch of the floor. Having pre- 
' pared tAe floor with its top layer of 
mortar already described, the sheets 
are laid on it, paper side upwards, and 
carefully beaten down and levelled. 
They are then allowed to set firmly, 
say two to four days, according to the 
weather, and then the pai>er is soaked 
aind cleaned off. The polishing is the 
next process. 

•The ix)lislung of mosaic takes jdace 
as soon as the cubes are set, as just 
stated, but it is work that is also done 
at later })eriod8, when the Ihjor hjis 
Income dirty and worn. In the latter 
case plenty of hot Sixla water must Ijc 
useti to remove any grease there may 
be, and to, as far as possible, get the 
dirt out. The polishing is done by 
rubbing a heavy piece of York stone 
over the work, the stone being provided 
with a handle, as Fig. 232. The size 



of the stone is alK)ut 9 in. by 9 in, by 
in. thick, and it should be of rather 
coarse grit,^with open grain, wliichwill 
not clog rapidly. By means of tiie 
handle, which is connected to the stone 
by two rings, as shown, the stone is 
pushed to and fro over the mosaic 
surface, sand and water being freely 
applied all the time. As soon as the 
surface is smooth and Inight, it is 
washed to remove all dirt and sludge, 
after which the polishing is fluished 
with pumice powder, the stone beit^ 
wrapped in Idanket material for this 
process. Any small comers or awk^ ; 
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ward places must be polished with a 
smaller hand stone. 

Another method of preparing the 
tesserae cubes for laying is as follows : 
The design having been selected, a full- 
sized drawing is made and laid on a 
perfectly level surface. The tesserae 
are then placed face downwards on this 
drawing, and, when the whole or a 
convenient portion has been completed, 
semi-liouid cement is poured over the 
Iwick to a depth of in. to 2 in., and 
allowed to set and liecome thoroughly 
hard. The slab thus formal is 
then uptunjed and the face of the 
design shown. Aliout 1 super, yard 
is the average size of these slalis, 
and they are fixed in the siime way as 
tiles. 

Mosaic Concrete Floors.- This 

is mosaic w(»rk in so far that it consists 
of small pieces of marble emltedded in 
cement : but the work is done dittcr- 


weight for this work, say 8 in. by 8 in. 
by 3} in. thick. 

When designs are to be introduced 
in mosaic concrete, wooden templates 
are used. It will be readily under- 
stood that if a piece, or pieces, of flat 
wood, of the thickness of the mosaic 
concrete, and of suitoble design, be 
placetl in position on the floor, the 
concrete lieing laid will come round 
them, so that when they are afterwards 
lifted, they leave a space of the required 
design to l)e filled in by concrete of 
another colour. It is possible to in- 
troduce c|uite intricate designs by this 
means without any difficulty, and by 
the expenditure of comparatively little 
extra time and ex])euse. 


ently, and the result, although very 
good, does not rcHcmble onlinary ino- 
.saic work. It is cliciiiier, and involves 
less lalnmr ; at the same time itiulmits 
of an ornamental design lieing inatle 
along the liordors, or elsewhere. It is 
a good floor for landings and corri<lors, 
also for the halls ami covered aji- 
proaches of business places and insti- 
tutions. The material is a concrete 
consisting of 2 fiarts of very small 
marble chijw in. to in. or J in.) 
to 1 part of cement, this leing laid 
a fine cement concrete, and floated over 
that the flat sides of the chips lay 
evenly at top. The first thing to l>e 
done is to lay a rough foundation in 
ordinary concrete to within ^ in. of 
the finished surfai^*, atid screed rules 
are laid along Inith sides of the piece. 
The centre is the first jiart laid, and 
the surface is levelled from screed to 
screed with straight-edges and hand- 
floats. If the marble cliips do not 
show up sufficiently, any defective or 
vacant parts may be filled up by hand. 
When the pavement lias become quite 
hard, it is polished with a stone 
poUsher and marble dust and, water. 
The stone polisher is already illustrated, 
but it may be of smsdler size and 
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TniNINO AND Retinnino. 

(See alio 

Electbo-platino, CoiiOuma 
Metals, etc.) 

To avoid a confusion that commonly 
occurs it may first be explained that, 
in this work, hydrochloric acid and 
muriatic acid are one and the same 
thing. Aquafortis is the commercial 
or cheap form of nitric acid. Chloride 
of zinc (also called killed spirits) is the 
hydrochloric acid or muriatic acid which 
has had zinc chips or cuttings dissolved 
in it until it will dissolve no more. 
Sal-ammoniac (chloride of ammonium) 
is a dull white crystalline substance 
like soda, and is used as a flux in tin- 
ning; it can be sprinkled on and 
melts when heated. 

Copper. — If sheet copper is to be 
tinned, on one side only, let the side 
which is not to be tinned, and which 
will come next to the fire, be brushed 
over with salt and water and whiting. 
With a pad, which lias been sprinkled 
withkilled spirits, rub over the side that 
is to be tinned, also sprinkle it with a 
little powdered sal-ammoniac ; now put 
the sheet over the fire, and when it is 
hot enough rub on it a piece of strip 
tin (pure tin) until a little of the tin 
melts. Take a pad of tow or wadding 
(cotton wool), sprinkle a little sal- 
ammoniac on it and rub the molten tin 
quickly over the entire surface that is 
to be tinned. Finally, with another 
pad of wadding which is saturated with 
oil, rub olf all the superfluous molten 
tin and leave the whole smooth. 

For tinning both sides of an article 
the foregoing process is not suitable, 
and a bath of molten tin must be pro- 
vided. Make an iron bath of semi- 
circular section, and build this over a 
fire-box and melt the tin in the bath. 
Pre|>are the copper article with killed 
spint and sal-ammoniac as described ; 

or pass it through the molten tin 
(fulowing the article to get as hot as the 
tin), then immediately it is withdrawn | 
wipe the superfluous tin off all surfaces 


with a pjid of oily wadding. The article 
should now be put into cold water, then 
taken out and polished with flannel and 
a thin paste of emery-flour and oil. 

[ Finally clean off with cloth. 

Another metlio<l of getting a bright 
even surface is tbit a(lo])ted in making 
tin plate. The j)late when it comes 
from the molten tin has the suiierflu- 
0U8 tin wii)ed (or rolled) off, then it is 
immersed in a Ijath of oil which is a 
little hotter tlian molten tin, which 
causes the tin to run again and spread 
very smoothly over the surface. 

In tinning awkward-shaped articles, 
when they have to l)e tinned on one 
side only, some ingenuity is necessafry. 
When it is required to tin the inside 
of a kettle aj)out, after the seam lias 
been brazed, it is first necessary to re- 
move the borax that has l)een used in 
brs^ng. This is done by pickling the 
spout in a weak solution of sulphuric 
acid until the borax is dissolved, then 
the HiKiut is rinsed in cold water and 
dried. The inner surface is then pre- 
pared in the usual way — some killed 
spirit being first poured tlirough, then 
a little powdered sal-ammoniac being 
shaken in. Have some tin melted in 
a ladle, and holding the siKiut by a p^ 
of tongs, over a suitable vessel, pour 
the molten tin through it two or three 
times. Another method is to coat the 
outside of the siMiut with a mixture 
of whiting, salt and water, which, 
when dry, will allow of the siiout being 
dipped in a bath of molten tin without 
any adhering to the outside. 

In tinning an awkward-shaped article 
like a scroll or piece of hammered work, 
this must be dipped in molten tin and 
the surplus tin be drained out of it as 
well as possible, using a pad (dusted 
over with sal-ammoniac) wherever pos- 
sible. 

As a rule the first process in tinning 
is to chemically clean the surface. In 
the preceding description it is taken 
for granted that the surfaces are ready 
to receive the tin, but this is not al- 
ways the case. Dilute sulphuric acid 
is used to remove impurities, after 
which the goods are well wa^ied iB;, 
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plain water and well scoured ta remove 
the blackness caused by the acid. 
Copper Culinaiy Vessels.— 

Copper cooking vessels have to be re- 
tinned at r^lar periods and is a pro- 
fitable branch of business, when a con- i 
nection is obtained, as it is work that j 
must l)e done regularly. It is not 
considered that any harmful results ! 
would be experience! from eating food ' 
cooked in plain,copper vessels, but un- 
less they were kept scrujjulously clean, | 
and vinegar very sparingly used, verdi- I 
gris will appear, with serious effect, 
(jreiwe is not the common cause of 
verdigris forming. Vinegar is the ac- 
tive cjiuse of tliis poisonous compound 
appearing. Verdigris is in fact a com- 
jxiund of acetic acid (vinegar) and 
copper, formed by submitting copjHjr 
to the fumes of vinegar, and known 
chemically as acetate of copper. By 
coating the copi)er with tin the action 
is prevented, and, so long as the tin 
surface remains intact, it is safe to pre- 
!>are food in a copper vessel. It is 
the regular cleaning and frequent 
scouring of the vessel which, by 
wearing away the tin, makes retinning 
necessary. 

It is of the greatest importance that 
the article to be re-tinned be perfectly 
free from grease or dirt — it must l)e 
chemically clean. To get it in this 
condition, first bum off all grease and 
dirt over the forge fire until the article 
is heated to a dull red colour, being {ar- 
ticular where the handles are riveted 
on. Wipe out the inside with a small 
pad of tow, and set down to cool, and 
when cold, thoroughly scour with wet 
rough sand or powdered coke until it 
becomes clean and bright. If the dirt I 
has eaten into the metal, or if the sur- , 
face is very black, wash it with raw i 
spirit of salts (hydrochloric acid), ■ 
using a piece of tow tied to the end of | 
a short stick. Rinse in cold water, j 
and then scour bright. When quite ! 
bright, wash the article well with cold | 
water, taking care that no grit or sand j 
remains inside, and then dust the 
inside with powdered sal-ammoniac. | 
The'outside must be prepared by coat* < 
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ing it with a mixture of salt and 
whiting, which should be of the con- 
sistency of cream ; this prevents any 
tin adhering to the outside. Should 
the toj) of the outside require to be 
tinned to the depth of about 1 in., as 
is the case with all new stewpans, it 
should l)e thoroughly cleaned as before 
explained. A strip of tin or sheet iron 
1 in. deep should ^ tightly held round 
the top of the stewpan, while the mix- 
ture of salt and wliitiug is rubbed over 
the stewpan below the band. Remove 
; the liand, and dust the bright surface 
I of the stewpan, formerly covered with 
j the tin Isiud, with sal-ammoniac. 

1 A rubber, by which the molten tin 
, is worked over the copper surface, 
j is made as follows. T^e a piece of 
j wire about J in. thick and make a 2 in. 
i coil on the end of it. Tin the coil by 
> soaking it in raw spirit of salts for 
! some time, and then dipping it in a 
saturated solution of sal-ammoniac and 
killed spirit, and rubbing whilst hot 
on block tin or tinman’s solder. Hold 
the stewpan over a forge fire, and in 
it drop a small quantity of pure block 
tin ; the amount of tin depends on the 
size of the vessel. The tin will soon 
melt, after which it must be rubbed 
over the copper with the rubber until 
the surface of the coi)per alloys with 
the tin. Any difficulty in getting this 
result may be overcome by repeatedly 
and alternately dusting with powdered 
sal-ammoniac and vigorously rubbing 
over the tin with the rubber. The 
outside toj) edge of the pan may be 
more easily tinned with a soldering 
iron, the solution of sal-ammoniac and 
cldorideof zinc being used instead of the 
powdered sal-ammoniac. Some care 
should l)e taken that the article is not 
allowed to get too hot. The highest heat 
is when the molten tin can be rinsed 
round the inside of the article. The 
molten tin is then quickly emptied out 
into another pan, if more than one is 
to be tinned, and the pan quickly wiped 
out with a pad of clean tow, wMch 
will remove any superfluous tin, after 
which it must be suddenly plunged 
into a vessel of cold clean water, and 
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then dried by rubbing with clean hot 
sawdust. 

When about to pour molten tin 
from one pan into another, great care 
should be taken in seeing that the {)an 
into which it is to be poured is per- 
fectly dry and warm, otherwise the 
possibility of the tin flying will make 
the operation highly dangerous. 

If a pan, spoon, or strainer requires 
to be tinned all over inside and out, 
it should be ‘thoroughly cleaned, and 
the inside and outside should then l)e 
treated with saturated solution of sal- 
ammoniac and killed spirit of salts, 
and then dusted over with powdered 
sal-ammoniac. A vessel containing 
molten tin should now be in readiness, 
into which the article should l)e care- 
fully plunged and washed. The article 
is then wipe<l with tow, filunged in 
cold clean water, dried with hot saw- 
dust, and polished with whiting. 

Old Copper Pans.— Wlien all 
the repairing is complete, the bruises 
are taken out, and the bottoms of the 
stew-pans and saucei^ns are laid flat or 
made level, the preparation for retin- 
ning properly begins. Commence with 
the application of a coat of hydro- 
chloric acid to eat off or remove the 
dirt and the portions of the old or 
preAdous tinning. Wlien the vessels 
have stood a sufficient time, they are 
thoroughly scoured inside with go<Kl 
sharp sand, with the atldition of some 
common salt, and then washed clean, 
care being taken that all the old tin is 
off when burnt, and that nothing greasy 
gets inside. Then while the vessel i.s 
yet damp a coat of finely i)owdered sal- 
ammoniac is sprinkled over the inside, 
and a coat of wet salt and whiting is 
put on the outside to guard against 
the effects of the different gases from 
the fire and to prevent any tin adhering. 

Take a quantity of block or ingot 
tin and slowly melt it in a ladle, being 
canefiud not to allow any i)art of it to 
beoeoaie too hot or get burnt. When 
the tin is melted and ready, then 
warm aild dry the vessel to be tinned, ' 
and pw a sufficient quantity of tin j 
‘^mto it. Kext take a i>ad with pow- 1 


dered lal-ammoniac dusted on it, and 
with it rub the liquid tin over the 
entire inside surface of the vessel until 
I every part is well covered, and then 
; pour out the bulk of the liquid tin. 

I After heating the vessel to a uniform 
! heat all over, take a wisp of clean, 

I soft tow, the hand first being protected 
t by means of a glove which has had 
the tqAs of the fingers cut off as far as 
the first joint, and whisk it in a pan 
of powdered sal-ammoniiic ; then with 
a light hand and a few (juick motions, 
first around the left side and then the 
right, and then across the bottom, 
wipe out the residue of the tin, leav- 
ing only a clear bright coat on the 
sirface of the vessel. Only by practice 
can the l)e8t results l)e obtained. While 
the tinning process is going on, a boy 
is busily scouring and preparing other 
ves-sels. The tinning ])roce88 being 
over, the next in order is to scour 
each article witli clean white sand on 
the outsitle to remove the salt, and 
inside any sal-amrnoniac that might be 
left. This scouring must be carefully 
done, and it is l)est to have a separate 
place for each operation, so that when 
the outside is cleaned off the inside can 
l)e scoured A\ithout fear of contamina- 
tion from the sjilt ; Isjcause if the out- 
side scouring wisp should by mistake 
get on the inside the work would be 
spoiled. It is l)e8t to keep the wisps 
far enough aj)art to ensure them from 
being taken up and used hy mistake. 
After the sal-ammoniac has been 
scoured off and the surface outside 
and inside is clean and bright, the 
articles are rinsed off in clear water 
and dried in clean, fine sawdust kept 
in a lar^e box, and then stood around 
a large forge-fire to be dried more 
thoroughly. Next brush off the saw- 
dust, and with a clean, soft linen or 
cotton rag and clean whiting, polish 
the inside ; then with another rag and 
a little crocus polish the outside. 

Small Articles.— -Place them in 
warm water, with a little sulphuric 
acid added to it, which will clean thfflm ; 
then powder some sal-ammoniac and 
mix it in the water, stirrup well untA 
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all is disBolved. After washing the tochloride of tin. Heat the whole to 
articles in clean water, place them in boiling, then immerse the articles to 
the solution for a few minutes ; then be tinned. This process is convenient 
lay them by the fire to dry. Procure for small goods such as pins, hooks, 
a i)an resembling a frying-})an in shape, etc., which are put in a tin sieve to be 
the bottom' of which must Ije full of immersed. 

small holes. The pot for mctl ting the (/) Prepare a bath of distilled water, 
tin must be large enough to admit this 66 gal.; cream tartar, 6J- lb. ; tin 
pan. Cover tlie bottom of the per- protocWoride, 10* oz. The jwwdered 
forated |)an with the articles that are cream of tartar is dissolved in 44 gal. 
to be tinned, and, after 8])rinkling a warm water, and the tin salt in 22 gal. 
little })Owdered sal-ammoniac over the cold water. The two solutions when 
surface of the molten tin to clear it mixed become clear, and the resulting 
from dross, dip the pan containing the bath lias an acid reaction, 
goods into it ; after all smoke has dis- Distilled water, 66 gal. ; pyrophos- 
appeared, lift it out and shake well phate of potash or soda, 131b. ; proto- 
over the pot, sprinkling a little sal- chloride of tin, cry8talli8e<l, acid, 21 oz. ; 
ammoniac over the goods to prevent or the same fused, neutral, 14 oz. The 
them from liaving too thick a coat, whole is dissolved at the same time on 
then cool quickly in cold water to keep , a metal sieve, and, after stirring, the 
them bright. bath is clear. 

Brass or Copper. — («) Plates . Either of these solutions is kept in a 
or vessels of brass or copper, boUed barrel with the to}) off. This barrel 
with a solution of stannate of potash, has at its lower })art two tubes })laced 
mixed with turnings of tin, l)ecome, in one above the other, connected with a 
the course of a few minutes, covered small lioiler built IxjIow the level of 
with a firmly -attached layer of pure the bottom of the tank. The tube, 
tin. , starting from the bottom of the tank, 

(b) A similar effect is produced by reaches nejirly to the l)ottom of the 
boUing the articles witii tin filings and I boiler ; tiie other tube, which is placed 
caustic alkali, or cream of tartar. 

In the above way chemical vessels 
made of copper or brass may be 
easily and perfectly tinned. 

(c) Boil 6 lb. cream of tartar, 

4 gal. water, and 8 lb. grain tin or 
tin shavings. After the materials 
have boiled a sufficient time, the 
substance to be tinned is })ut 
therein, and the boiling is con- 
tinued, when the tin is precipi- 
tated in its metallic form. 

(d) The articles are first put in 
dilute sulphuric acid, and when 
quite clean, washed in warm water. 

Tl»yw:« then dipped in a solution 
of killed spirits, and afterwards 
plunged into a bath of molten tin, Fio. 233. 

to which a little zinc has been 

added. When taken out the articles ' about 3 in. from the bottom, of the 
are rubbed with a pad, then plunged tank, is connected to the top of the 
into hot water. 1 boiler, as Fig. 233. A bent safety tube, 

(«) Add to 10 quarts of water 3| oz. connected only to the boiler, prevents 
of cream of tartar and U dr. of pro- \ any explosion, should there be an ob- 
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structibn in the other tubes. A small 
quantity of water or mercury in the 
bent arm of the safety tube will pre- 
vent the escape of steam, when it does 
not exceed the working pressure re- 
quired, or a safety valve may lx; U8e<l. 
When the boiler and tank are filled 
with liquid, as soon as heat is applied, 
the expanded and lighter liquid will 
rise through the upper pipe into the 
barrel, while the colder and denser one 
will flow into the boiler through the 
lower pipe. A continual circulation is 
thus obtained, which keeps up a con- 
stant agitation of the contents of the 
bath. Large articles are cleansed and 
rinsed, and piled in the bath with a 


few fragments or spirals of zinc ; the I 
surface of the zinc should be about 
of that of the tinned articles. For 
small objects, such as pins or hooks, 
dispose them in layers a^ut 1 in. thick 
upon perforated plates of zinc, which 
allow of the circulation of the liquid, 
and have their edges turned up so as 
to prevent the objects from falling off*. 
These plates should be removed from 
the bath in the inverse order in which 
they have been put in. These zinc 
plates must be scraped and cleaned, so 
as to present fresh surfaces of zinc in- 
stead of the white crust, which pre- 
vents its«ontact with the articles to be 
tinned. ^The time for this is 1 to 3 
hours. Ihen remove all the objects, 
and add to the bath 9 oz. pyrophosphate 
of soda or potash, and as much fused 
tin protochloride. Whilst the solution 
is going on, scratch-brush the large ar- 
ticles, and stir the small ones about 
with an iron fork, to chjuige the points 
of contact. The objects are then again 
steeped in the bath for at least 2 hours. 
The large pieces are scratch-brushed 
again, and the small ones rendered 
h^ht by mutual friction. Then dry 
the whole in dry and warm fir-wood j 
saw-dust. Cast-iron cooking vessels 
tiuis tinned have a bright appearance, 
and haye^the advantage of never oom- 
municati^ any taste, smell, or colour 
to the food cooked in them, even when 
the tmning, after long use, has com- 
pletely dfi^ppeared. 


Colour of Tin Deposit.— If the 

tin deposit is grey and dull, although 
abundant, prepare the bath, once or 
twice, with the acid crystallised tin pro- 
tochloride. With a very white deposit, 
but blistered and without adherence or 
thickness, replace the acid salt by the 
fused one. In the latter case, also di- 
minish the proportion of tin salt, and 
increase that of pyrophosphate ; a great 
deal of the success of the operation de- 
pends upon the quality of the pyro- 
phosphate. When a tinning bath has 
been worked for a long time, decant 
the liquor to separate the zinc pyro- 
phosphate formed. And when, after 
several years, the solution is entirely 
I used up from the alteration of the salts, it 
should be kept in preserving tubs, where 
the objects to be tinned are put after 
cleansing. 

The Boiling White” Pro- 
cess. — By “boiling white,” a thin 
coating of tin may be applied to small 
articles made of brass and copper. Do- 
mestic pins are sometimes so treated, 
thus acquiring their brightness. In 
circumstences when the colour of brass 
hinges or nails would not match the 
object for which they were intended, 
tMs method of tinning would render 
them fit for their purpose and save 
purchasing things made of a white 
metal. Similarly, small i)arts of arti- 
ficial baits used for sea or fresh-water 
fishing can be easily tinned ; this makes 
them shine in the water, and renders 
them more conspicuous to the fish. 
Tackle-makers and others may there- 
fore make brass swivels and other odd- 
ments of tackle appear like silver and 
permanently bright; and other in- 
stances where Jttoiling white would be 
useful may occur to tlje workman ac- 
cording to his special occupation. The 
method is extremely simple. A piece 
; of block tin, weighing about \ lb. , must 
be obtained. Melt this in an iron ladle, 
and whilst liquid pour the metal into 
a wide-mouthM vessel about half full 
of cold water. A bucket or tin ^ 
would answer the purpose. In pouring 
the molten tin the ladle should be hela 
at some height above the water, and it 
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is desirable to stand on a chair. If I 
not i)Oured into water the tin’ would 
be spilt. The tin, immediately it 
touches the cold water, forms “grain " 
tin, B[)reading, and at once assuming a 
flaky consistency. Having drained ofif 
r the water from the bucket or pan, a 
box (without a cover) must be made of 
perforated zinc to contain the tin. A 
piece of zinc 1 ft. square makes a box 
large enough for small articles, for 
which boiling w\iite is specially con- 
venient ; but there is no reason why 
it should not be practised (]uite satis- 
factorily on a larger scale. Ha^ng 
marked out the size of the Ik)x, cut 
out the square piece at each corner 
with 8nii)a or strong scissors, and when 
the sides are turned uj) all round, wliich 
is easily done with a mallet or hammer 
over an iron stake, the edges will meet. 
To keep the four corners of the box 
together, small pieces of fine copper 
wire should l*e inserted through the 
holes in the zinc and twisted tightly 
with the fingers. Having made the 
box, which need only l)e a rough aflair, 
put about half the grain tin into it. 
Then place upon this the brass nails, 
or whatever they may be, and on the 
iiltop of them the remainder of the tin, 
so us to cover them. For ease of ex- 
amination it is better, if {xjssible, to 
string or attach the articles to a piece 
of copper wire, the two ends of which 
are left projecting from the top of the 
box. The brass should be chemically 
clean, as then it will take the tin 
more readily, and, if laajuered, the 
lacquer should be removed by boiling 
in caustic iK)ta8h. Before tinning, the 
articles will be further improved by 
holding them in dipping acid for about 
a second, then immersing immediately 
in clean cold water. If this is not 
very rapidly performed the metal will 
turn black. When the things have 
been prepared and placed in the zinc 
box amongst the grain tin, the whole 
is boiled in a saucepan nearly full of 
water ; a saucepan enamelled inside is 
to be preferred. Whilst the water is 
boiling, some cream of tartar should be 
liberally sprinkled on the top of the 


tin. The process of boiling will occupy 
nearly } hour, and if the water in 
the saucepan b^omes insuflBicient more 
should be added. The boiling can be 
done over a fire, but a gas-burner is 
handier in a workshop. By examining 
the articles it is easy to ascertain when 
they have received sufficient coatings 
of tin, as then they will appear of a 
uniform dull grey colour. If n* t, the 
boiling must be continued for another 
five or ten minutes until the brass is 
no longer visible. Then take them 
out, rinse in clean water, and dry with 
a cloth. A rub up with washleather 
or Selvyt cloth will ([uickly render them 
brilliant, and tliey will look as if they 
had been nickel-plated. The grain tin 
should not be thrown away, as it can 
be used again and again. As tliis is a 
rather lengthy process, it is a good 
plan to boil a number of the articles 
at the same time. (Hasluck.) 

Brass Wire.— (a) Have two baths, 
one containing the molten tin, kept 
at a proi)er temperature, the other 
a saturated solution of zinc chloride 
(killed spirit). Immerse the coil of 
brass wire in a boiling solution of caustic 
potash, and remove it to a bobbin, hav- 
ing afixed spindle and one movable end. 
Pass the wire by means of suitable hard 
wood or brass deeply-grooved pulleys, 
so that it shall pass through uie zinc 
chloride bath into the molten tin, and 
after immersion cause it to pass between 
the grooves of two pulleys, revolving 
in contact with each other, so that the 
grooves form a hole equal in size to the 
tinned wire ; these will squeeze off any 
superfluous metal that may be ouried 
up from the bath ; carry forward the 
end and attach to it a fresh bobbin, and 
wind off at a suitable speed. The wire 
must be raised sufficiently in tempera- 
ture before it will take the tin, and it 
must be properly cooled again before it 
reaches the final bobbin, which can be 
effected by placing it at a propw dis- 
tance from ^e tin bath. 

(6) Another method is to have a solu- 
tion of tin perchloride which isprepared 
by passing washed chlorine gas into con- 
centrated aqueous solution of tin sidt, 
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and expelling the excess of chlorine by 
gently warmingit, then diluting it with 
8 to 10 times its volume of water, and 
filtering it if necessary. The article, 
well pickled in dilute suli)huric acid, 
polished with sand and a steel scratch- 
brush, and rinsed with water, is loosely 
wound with a zinc wire, and immersed 
for 10 to 16 minutes, at the ordinary 
temperature, in the dilute solution of 
tin perchloride. After being tinned in 
this way, it is raised, bruslied with a 
scratch-brush, dried audfinally polished 
with whiting. Cast iron, wroughtiron, 
steel, copper, brass, lead, and zinc can 
be tinned by this meth(xi. 

Iron Wire. — (a) The first process 
is to immerse the wire in raw hydro- 
chloric acid, and ]et it remain until all 
scale is dissolved ott*. The wire is then 
put into killed spirit for a time, and it 
is then ready to pass through the bath 
of molten tin. 

(6) A more elalmrate process as 
adopted in works where large quantities 
of wire are dealt with is as follows : As 
the wirecomesfrom theanncaler it goes 
to a cleaning room, a well ventilated 
place, as the acids used give off injuri- 
ous fumes. Along the side of the room 
are the various pans or troughs of 
chemicals. The first will contain 
groimds, which is old sour ale or dis- 
tillers’ wash, and sulphuric acid. There 
would be 5 or 6 pints of sulphuric acid 
(vitriol) to 4 or 6 gal. of grounds. 
The wire is immersed in this for about 
J hour to remove all scale or mechan- 
ical impurities. It is removed from 
this bath by means of iron hooks, then 
dropped into a bath of clean water. 
In tlm bath it is examined to see that 
all scale or dross is removed, as, if not, 
it must go back again. If it will pass 
it is put into still another Ijath of clean 
water to ensure all the acid being re- 
moved. The acid causes bubbles to 
rhua, and when these cease the wire may 
be coondered clean. From this room 
the wire goes to an adjoining room 
whi<^ is4eyoted to the tinning. Only 
suffibient is taken to be dealt with at 
once, as il exposed ta the air for long 
it w^ require te-^icklLag. Here the i 


1 wire is passed through a Ijath of muri- 
ate of tifi, and, the wire lieing put on 
suitable reels, it next |^)a8ses first 
through killed si>irit then through the 
bath of molten tin. On leaWng the 
tin Iwth the wire is drawn through 
liard blocks or close fitting groo\'ed 
pulleys to remove any excess of tin. 
Over each Iw-th in the cleaning room a 
stout })rojectiiig rod should be fixed in 
the wall so that the coils of wire may 
l)e sus}KJiKled to drain^over the Ijath 
that it is taken from. 

' ( c) The following is Heereu’s process 

for giving iron wire the ap])earance of 
silver. This is done by a thin film of 
tin. The iron wire is first placed in hy- 
drochloric acid, ill which is 8usi»ended 
a piece of zinc. It is afterwards i)iaced 
in contact with a strip of zinc in a bath 
of 2 |>art8 tartaric acid dissolved in 100 
of water, to wliich is added 3 jiarts tin 
salt and H of soda. I’he wire should 
remain about 2 hours in this bath and 
then be removed, and made bright for 
fHilishing, or drawing tlirough a polish- 
ing iron. By this galvanic method of 
tinning, wire which lias been wound in 
a spiral, or iron of other shape, can be 
made quite white, wliich is an advan- 
tage over most other methods, where 
the wire is tinned in the fire and then 
drawn through a drawing plate. 

Small Iron Articles.— (a) When 
small iron castings liave to be tinned 
all over, they must be thoroughly clean- 
ed, then immersed in dili^ sulphuric 
acid to remove scale, i^hould black 
B}K>t8 then show the pickling must be 
continued, and, if necessary, they may 
be scrubb^ with a stiff brush (wire for 
preference) and a little fine sand until 
the iron h^ a clean grey surface. The 
articles are dipped in killed spirit, 
dusted over with powdered sal-ammo- 
niac and are then ready for immenrion 
in the bath of molten tin. If any parts 
appear to be uncoated after pasnng 
through the tin,t|8priukle with sal-am*- 
moniac, and fput into the tin again. 
The articles must be kept in the tin 
until they ai^ as1rotilwis1ia,'TS^^ 
the coat wUl n6t~bs p 0 rf^ It 
is not demrable to hkvetfiS^tifiloo^ 
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but it must be hot enough to dfain off 
the articles as they are lifted out of it. 
When articles are required to have a 
high i)olish, the tin should be allowed 
to drain off, and not be wiped off. They 
will then take a high polish if gone over 
with a rag dully attache<l to a lathe, 
mth a little polishing lime. 

{li) Another method of tinning iron 
goods is as follows. 1 ron which is to 1x5 
tinned must be, previously steepe<l in 
acid materials, such as sour whey or 
distillers’ wash ; then scoured and 
dipjied in molten tin, l^iving been first 
rubl>ed over with a solution of s^il-ain- 
moniac. The surface of the tin is j>re- 
veuted frouTciiilcimng by covering it 
wtth a layer of fat. 

'‘"tcy'The following jjrocess is not 
sutlicieut protection for iron, as the 
tin is a mere film, but it may l)e use- 
ful when thicker coats of tin are tol)e 
applied by other jtrocesses. For the 
Ijath, dissolve with the aid of heat, in 
an enamelled cast-iron kettle, ammonia- 
alum, 11 oz., and fused tin proto- 
i:hloride, ^ oz . , in ^ gal. soft w'ater. 
The ])iece8 of iron, j)re>iously cleanse<l 
and rinsed in ctdd water, are steeped 
ill the solution as soon as it boils. 
IThey are immediately covered with a 
film of tin of a fine white dead lustre, 
which may be rendered bright by fric- 
tion. The bath is maintained at the 


I trace of the oil must be removed by 
! immersion in boiling solution of soda ; 

' next the surface must be made chemic- 
ally clean ; even the film of oride, 
which causes the yelloVcoiour, will 
prevent ‘the prdper adhefehefe of the 
tin to the steel. Have a bath consist- 
ing of 1 jiart of hydrochloric acid to 
aVsmt 20 parts of water, hold the article 
i with a pair of tongs and stir it for a few 
I seconds in the liath, withdraw it, and, 

1 while still wet, instantly immerse it in 
I the molten tin, the surface of which 
; should l>e kept from oxidising by a top 
j surface of clean tallow'. The article, 

I when withdrawn, will lie found com- 
! pletely tinned. Precaution must be 
j taken not to overheat the tin, but keep 
i it <lown to the jirojier melting temper- 
1 ature or the hardness of the articles 
I wdll be affected. 

i Iron Saucepans. —If the sauce- 
jjan is an old one it must be put 
1 on the fire and allowed to get nearly 
I red hot, which will get rid of all the 
' grease ; then make a pickle of the 
following proportions : Oil of vitriol, 

' J lb. \ muriatic acid, \ lb. ; water, 1 
gal. If the saucepan can be filled so 
1 much the l»ettcr, if not keep the pickle 
flowing over it for say 5 minutes, iwur^ 
out, rinse with water, and s^^ur well 
with sand or coke dust with a wisp of 
tow' ; rinse well with w'ater. If the jian 


proper strength by small additions 
of fused tin protochloride. Tliis bath 
is convenient for a preliminary tinning 
of zinc ; when the ainmonia-tdura may 
be rejdaced by aiiy other kind of alum, 
or by alumina sulphate ; but for 
wrought and cast iron and steel this 
substitution cannot be made. 

Case-hardened or Hard Steel 
Articles.— This may be done without 
affecting their hardness, if care is used. 
Tin melts at 442° F., while polished 
8tedt1«Btitliwi-s yellow tiut at 470°X 

Th8’''flWft*|if6i!es8, as with olKer iron 
goods, is to remove scale (if any), either 
from foundry or forge, by means of a 
pickle of dilute sulphuric acid, and then 
scratch-brushed or scoured with sand. 
If the articles are of steel and liave been 
quenched or hardened in oil, every 
4 


is clean it will be of a uniform grey 
colour, but if there are any red or 
black spots it must be pickled and 
scoured again till thoroughly clean. 
Have ready zinc chloride, tliat is, hy- 
dnxjhloric acid in wliich some sheet 
zinc has been dissolved, some pow- 
dered sal-ammoniac, some tow, about 
18 in. of iron rod J to | in. thick, one 
end flattened out and bent up a little 
and filed clean, and some bar tin ; dip 
a wisp of tow in the zinc chloride, then 
into the powdered sal-ammoniac, taking 
I up a good quantity, and rub w’ell all 
over the inside. This must be done 
directly after the scouring, for if al- 
lowed to stand it will oxidise ; put on 
the fire till hot enough to melt the tin, 
the end of the bar of tin being rubbed 
over the heated part till melted *, run 
2 B 
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down about half the bar, and with the 
flattened end of the iron rod rub the 
tin well over the surface, taking care 
not to heat too large a surface at once, 
nor to let it get too hot, whicli may \te 
known by the tin getting discoloured, 
when some dry sal-ammoniac must be 
thrown in. Having gone all over it, 
wipe lightly with a wisj) of tow, just 
made warm enough that the tin does 
not stick to it ; when cold scour well 
with sand and tow, rinsing with plenty 
of water. 

To make the best job of retinning 
it is important that all the old tin be 
removed by filing, scouring, or ma- 
chining, and then, having given a new 
clean surface, proceed as with new 
goods. New ware lias the surface pre- 
pared by one of these methods, after 
which the article is gradually heated 
to redness, and then allowed to cool. 
Atssuming that there is no grease, 
another method of preparing the sur- 
face is to use a pickle of dilute sul- 
phuric acid, uae(l warm. After this 
the article is immersed in another 
pickle of dilute hydrochloric acid, 
where it is allowed to remain some 
time. Lastly, it is subjected to a 
pickle of killed spirits, and tinning is 
proceeded with as described. If any 
parts do not take the tin, the article 
must be re-heated to the melting point 
of tin, and a little grain tin rubbed 
over with some sal-ammoniac. The 
hot tinned surface is wiped out with a 
tow pad as usual. 

Zinc. — The proportions of the bath 
are as follows : Distilled water, 66 gal. ; 
soda pyrophosphate, 11 lb.‘ ; fused tin 
protochloride, 35 oz. A thin tinning is 
obtained by simple dipping, and one 
of any thickness by the aid of the 
battery. 

O^Id Tinning.— Block tip dis- 
solved in muriatic acid with a little mer- 
c^nryformsa very good amalgam for cold 
tinning ; or, 1 part of tin, 2 of sdnc, 
6- of mercury. Mix tin and mercury 
tfC^tber un^ they form a soft paste. 
Clean the metal to be tinned, taking 
care to free it from greaainess ; then 
rub it with a pike of cloth moistened 


with nyiriatic acid, and immediately 
' apply a little of the amalgam to the 
surface, rubbing it in with the same 
rag. The amalgam will adhere to the 
surface and thoroughly tin it. Cast 
i iron, wrought iron, stkl, and copper 
. may be tinned this way. Those who 
! find it difficult to mtie soft solder 
, adhere to iron with sal-ammoniac, will 
find no difficulty if they first tin the 
surfaces in this manner, and then pro- 
ceed as with ordinary tin plate. 

Tin PlaU — It is uimecossary to go 
into the (juestion of rolling the sheets 
used for tin plate, and, theroft)re, the 
followingdescription refers to tlie treat- 
ment of sheet metal ready annealed 
and cut to size. In days gone by the 
sheet metal was of iron, whereas now 
steel is mostly, if not always, used. 

To get a clean metallic surlaee, such 
I as is recjuisite to receive the tin, the 
i iron must l)e dipped repeatedly into 
quite dilute sulphuric or hy drool iloric 
I acid, then polished and scoured, each 
I one separately, with sharj) sand over 
I the entire surface. It is now ready to 
j receive the tin, and passes to the tin- 
ning room. 

In this room are a numlier of bathe 
or pots, called kettles, all of the samts 
height, placed in a row, and heated 
i with fires beneath them. They are 
called the grease kettle, the tinni^ 
kettle, the brush kettle, the fine tin 
or roller kettle, and the grease kettlel 
The difierent oj)eration8 performed in 
these kettles take place in this order : 
The picklecl atjd scoured plates are put 
in the first kettle and thoroughly coated 
with grease, which should ik pure 
tallow, but palm oil is largely used. 
Then it goes to the tin kettle, in which 
it is moved about until evenly tinned 
all over. From this it goes to tbe 
third kettle, also containing tin. Here- 
each individual plate is taken out and 
brushetl with an oakum brush or pad 
of hemp to remove the coarser par- 
ticles. It is next put in the fine tin ; 
then in the last kettle, which also ooorl 
tains hot grease, on a grating, or muve^ 
up and down in it by rollers, 
tk plates come from this kettle 
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are placed on racks to cool. The tin- 
ning is now completed, but they do 
not look very nice, owing to the ad- 
herent grease. To remove this they 
are drawn tlmough three or four large 
boxes filled with slaked lime, sawdust, 
bran, or flour ; flour is the Iwst of all, 
for it cleans tltem better, and after it 
gets saturated with grease the flour 
cjm 1)6 used for cattle feed. 

After the tin )ilate8 leave these lioxes 
they go to the ])oli8hiiig bench to 
remove the dust. This bench consists 
of a table covered with woollen cloth, 
or a sheep pelt, and the sheets are 
rubbed singly with a rubber made of 
wool or sheep-skin, wliich brings out 
the pure, fine lustre of the tin. 

The tin is next assorted by a careful 
inspection of lx>th sides, and classified 
as first, sewnd or third quality. Sheets 
that are imi)erfei:tly tinned are sent 
back to the tinning room, wliile the 
rest are j tacked in wooden lx)xe8 and 
the brand is burned on. 

There is not the least doubt tliat 
instetwl of tallow or oil, killed spirit 
is now l)eing largely used as a flux, but 
those cajjable of judging consider it a 
likely cause for the jtlates rusting at 
an early date. 

In an uj)-to-date plant that was in- 
S})ected, the last hot grease i)ot was 
fitted with rolls capable of such precise 
adjustment that any desired amount 
of tin could be st^ueezed ofi’. This 
enabled any (juality of work to l)e pro- 
duced with the utmost accuracy and 
economy of tin. 

Tin - Plates. — Before a recent 
meeting of the Institution of Meclmnical 
Engineers Mr. 11. B. Thomas read a very 
instructive paper on the manufacture 
of tin-j)lates. After giving a brief 
history of the industry lie de8cril)e<l 
the manufacture as follows : It com- 
mences with the rolling of the mild 
steel bars, which contain 0*1 i)er cent, 
of carbon. Tliese are from 6 to 10 in. 
wide and from | to in. thick. They 
are cut up into quite short lengths and 
ere |»sBed between cast-iron rollere, 
chillecl to a dejith of about | in. 
These rollers are 19 in. diameter and 


usually 26 in. long. The rolling speed 
is low, not more than forty revolutions 
per minute. Four men are attached 
to each mill, one on either side of the 
rollers, and one at the furnace, while 
the fourth looks after the doubler’s 
shears. The material is heated and 
rolled .5 times. After the first heating 
the long edge is ])rcseiited to the nip 
of the nmghiiig rollers st> that the 
material is stretcheil in the direction 
I of its whlth. Two ]>ieces are passed 
through alternately, one being re- 
turned over the roll while the other 
goes through, until each lias been 
})as8ed through 4 or times. After 
the second heating each slab is twice 
rolled, by which time it is reduced to 
about 14 B.G. It is then doubled upon 
itself and the double edge flattened 
down under a squeezer. Every once- 
double«l piece is re-heated, stretched 
in thefinishing-roDs, and again doubled, 
BO that it now consists of four layers 
at this stage. After a squeezer has 
flattened the double edge down, the 
edges w'hich came together on first 
doubling are trimmed oft* in the shears, 
and the pieces returned to the finishing 
furnace. The fourth heating is fol- 
lowed by a repetition of the last opera- 
tion. The twice-doubled piece is 
8tretche<l and doubled so as to form 
eight thicknesses, the oj)en ends 
l)eing trimmed with the shears before 
Uie jiieces are returned to the furnace 
for the final heating ; they now con- 
sist each of eight layers and are finished 
otf to length in the rolls and are piled 
on the sidejof the mills, away from the 
furnaces. The object of the doubling 
' is to preserve the necessary thickness 
of plate upon wliich the rolls may bite. 
In some mills the process neceswily 
diflers from the description given, 
wliich represents the common practi(^ 
in South Wales. The next procep is 
to shear the sheets to standard? sizes, 
rfter which the plates are treated with 
warm dilute sulphuric acid for the 
removal of the block* oxide scale formed 
on the surface tluring the rolHng. 
After i)ickliug, the plat^ are blwk 
annealed by ** soaking" in a high 
« B 2 
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temperature to Boften the steel. This 
stage is preparatory to cold rolling, 
and has the effect of removing all 
traces of water stains. During cold 
rolling the plates, now cleaned and 
annealed, arc subjected, under great 
pressure, to the action of chilled rolls. 
This has the effect of giving them a 
good surface. These rolls, 26 in. long 
by 19 in. diameter in the Ixxly, are in 
all re8i)ects like the mill -rolls, except 
that the chill is J in. dee]>er. The 
speed is about fifty revolutions jwjr 
minute, and at each jiair of rolls a boy 
aits on a stool with a ymck of plates 
resting on liis knees, and on a guide 
lietween the housings. He thus deals 
the plates one by one in ra])id succes- 
sion through the rolls, using his hand 
and tliumb Uj sejuirate or feed the 
plates singly. Behind, the jdates are 
picked up by another boy and carried 
back to the next line of rolls, where 
they are put through in the same 
way and carried Iwck to the last line 
of rolls. Each plate thus gets three 
passes, one in each line of rolls. 

The cold rolling causes the soft an- 
nealed plates to become hard and rigid, 
and they re<juire to be annealed again 
to enable them to recover from the 
imposed strains and to assume the 
pliability required in tin jdates. This 
is “ white ” annealing, and the method 
is the same Jis in the “ black,” excejtt 
'that the heat used is not so grejvt, and 
the time given is only alwut 7 hours. 
The plates are then finally pickled to 
clean the surfaces for the coating of 
tin. After white jnckling the jdates 
are not allowed to diy l>efore they are 
put into the tin-i>ot, wliich consists of 
two parts. In the first of these the 
surface of the molten tin is dividetl 
into three compartments. The second 
is surmounted by the “grease-pot,” 
filled with jmlm oil. Two men work 
the pot, one feeding the j)late8 into 
the metal, and the other receiving 
them jwith a pair of tongs as they 
emerge from tlie gtease-pot, and trans- 
fening them to the cleaning machine. 
A layer of liquid flux (chloride of zinc) 
floats on the surface of the metal in 


the fiiftt comj)artment. The plates 
are fed down through this and are 
pushed through the metal along guides 
by means of a hand-fork, until they are 
taken by the i-olls. As the j)late8 
emerge from the first section of the 
pot they meet the outside guides, and 
are l»ent into the second jiair of rolls, 
finding their way thus through the 
second section of the pot and up 
through the pilm oik In their pas- 
sage tlirough the tin the plates take a 
heavy coating, the surjdus of which 
is removed by the pressure of the rolls 
in the grease-j^ot, the primary object 
of the hot j)alm oil being to keep the 
tin-coating fluid while this is being 
done. Less pressure is put on the 
springs forcing the finishing rolls to- 
gether atul a (]uicker speed is given to 
the rolls if a heavier coating of tin is 
re<iuired, and rice verm. 

It is obvious that the j)alm oil could 
not fje allowetl to remain on the tinned 
surface, and the i>lates are next re- 
moved to a cleaning machine, which is 
a device for i)U8hing the greasy plates 
through a mixture having absorbent 
(lualities. What is known as ‘ ‘ shudes, ” 
a by-j'iroduct of grain mills, or pink 
meal and jwwderetl stone, irf used. 
Finally, the finished j»late8 are carried 
to the assorting room, where they are 
tunied over singly and carefully ex- 
amined for defects, the defective j^lates 
being rejected and sold at inferior 
prices. The plates are then first 
counted, then weighe<l, and jiacked in 
birch, elm, or other hardwood boxes, 
which are nailed down, and the plates 
are then ready for 8tiij)ment. 





Tobacco Pipes. 


873 


Tobacco Pipes. 

(Sfe also Pottery). 

(a) Among the brandies of industry 
vvhidi have lieen a eonsei|ucnce of the ! 
introduction of tob*K!co, the inanufao 
ture of piiies has become of consider- 
a))le importance. Immense (juantities 
of wo(xl, meerscTiaum, china clay, and 
pipe clay are annually converted into 
pijies, pniicipillv in England, France, 
Germany, and Austria ; a smaller quan- 
tity king produced in Holland and 
Turkey. Wooden, china, and meer- 
schaum pi]>es are made mostly in Ger- 
‘ many and Austria, and among clay 
pijie producers England takes the first 
rank. Although the value of clay 
pi|)esi.j comiuiratively small, the enor- 
mous quantity in ii hicli they ai-e made 
makes them an imjx>rt>uit product of 
industry to England. 

Clay Pipes.— The principal pipe 
factories are located in 1 lorsetsliire and 
Itevonshire, where a pure variety of 
jiotters’ clay is found in greiit abun- i 
dance. It resembles kaolin in its char- | 
acter, although it contains a little less 
silica, and remains (|uite jiorous after 
baking. The clay is first freed of all 
impuritie.s by levigation, ami then 
undergoes repeate<ily a process of | 
kneading and curing in open tanks, 
exposed to the air, in much the same 
wayasclay for other i)uri)oses is treated. 
After it has acquired the desired plas- 
ticity, it is divideil into masses of 
about fiO lb. each, which are then 
given to tlie formers. 

The first stop in making a pijie is 
the forraatiem of the stem in a metal 
mould. A small lump of clay is left 
attached to the rod, of which the cup 
is afterward formed. The rod is then 
pierced through its length with an oiled 
braes wire. Holding the })i]ie by the 
free end of the stem, the operator now 
imparts to the cup its external form 
by means of a copper mould, in which, 
if ornamental pipes are to be made, 
are engraved the designs. It is pro- 


vided w'ith a spring to open it auto- 
matically. The pipe then passes to a 
third oiierator, who forms the inside 
of the cup with his fingers, and estab- 
lishes communication between the cup 
and the stem by piercing the separating' 
wall with the brass wire. The pipe is 
now put aside to dry in the sun, after 
which it is ready for the oven. Three 
men finish 600-700 piyies a day. 

Fig. 234 re])resents an oven used by 
English pipemakers. The fire A is 
located centrally in the oven. The 
heated gase-s circulate through the 
.sfiace B, formed by the walls of the 
oven and by the muffle C, which re- 
ceives the pipes. The latter are intro- 
duced through the door E, andarranged 
in the jiosition indicated, on shelves 
i made of biscuit earthenware. An oven 
of tliis kind usually contains 2000 
pipes. The pipes are generally baked 
for 8-9 liours. 

Oixlinary pi]»es receive no glazing of 
any kind, while some of the better 
class are painted and glazed. They 
are very }x>rous, hence their tendency 
to adhere to the lips. To overcome 
this, the mouth ends are dipjied in 
water containing a little pipe clay in 
Kusjiension, and polished. By this 
means the pores of the clay are stopped. 
IMpes of lietter quality are covered 
with a mixture of soap, wax, and gum, 
and then pilished. 

Difficulty is occasionally experienced 
in holding the pipes in projier position 
in the oven. Some manufacturers fill 
the oven witli fine sand after the pipes 
are in position. The sand fills all 
interstices and supports the pijies, 

(b) The clay pipe, like the neetlle, 
has to undergo a large numlier of 
operations before reaching the state in 
which we find it in commerce. The 
manufacture of it requires much mani- 
pulation, and, despite the progress of 
mechanics, the machine has not been 
introduced. 

For the manufacture of pipes, all 
clays are not equally suitable. Use is 
made of plastic and usually white clay, 
and sometimes of clay coloured by 
metallic oxides. Such clays are not 
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met with in France in a sufficient state portion. The first operation that the 
of purity, but are procured from the material undergoes is consequently a 


Belgian Ardennes. 




I cleaning, wliich is done partly by hand 
by children and is finished 
by a washing of the clay 
and allowing it to deposit 
in liasins of large dimen- 
sions. 

The second operation is 
the mixing of the earths in 
definite j)rofK)rtions. As 
each clay 'has a different 
projierty, the mixing of 
several kinds is necessary in 
order to obtain products 
k that vary as to colour, hard- 

^ ness, etc. 

This mixing is one of the 
principal secrets of the 
- manufacturer, and an opera- 

: tion that recjuires no end of 

study before giving such a 
product as may be required 
by commerce. It is per- 
forinetl in pug mills actuatetl 
meclianically, and identical 
with those used in ceramics. 

H The clay emnes from the mill 
perfectly homogeneous and 
in a state of medium plasti- 
city. It is then carried by 
an elevator to the rooms of 
the rollers in the upper j»rt 
of the building. It isdis- 
tributed in Idocks over 
wooden tables, around which 

■ are seated l^-lH-year-old 
children, who are called 
“ rollers," and who take a 
piece of proper sisse in each 
liand and form it into a ball 
by rolling it on the table in . 
different directions. Then, 
exerting a pressure with the 
hand up<ui a part d the 
ball, and giving itabackward 
and forward motion, they 
very quickly give it the form 
whose bowl and 
stem are in the sameaiii. 


*' They have produced 4 

The^lJ clays always contain impuri- **roll." The, roll made, they* 
ties; bensist^ of oxides, sand, frag- bend up the head of it slightly and. 
ments of rodks, etc. , in variable pro- place it alongside of them u|tQ|i 
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board. These IxMirds, containing a .push the needle into the roll could not 
definite number of rolls, are 'carried advance more than Jin. without push- 
to the moulders. ing it through the side, while the T^ork- 

The moulders' tools include a mould man performs the operation in a few 
of one or more pieces (shown in Fig. instants on pipes 1.^ in. long and 0 15 
235), a compressor, a long needle, a in. (Uameter in the thickest part, 
steel knife, and a press. This operation is performed in the 

The mould for simple pipes consists same way upon pipes of all sizes. » 
of two pieces of hollow steel, fitting The roll, thus pierced, and still con- 
together very accurately. For orna- j taining the neeille, is placed in the 
mental pipes it is of several jdeces of mould, and the latter is closed and 
chiselled hronz^, held together in a ' put in the press. Then the w’orkman 
steel case. The compressor is of steel, hikes his compressor and pushes it into 



Fig. 235. 


and is mounted upon a liandle, and has the open part of the mould until he 
the internal form of the howl. The meets with the extremity of the needle 
press is an ordinary vice fixed to the that enters the bowl. The clay is thus 
edge of the table (F^ig. 236). I compressed and the excess is removed 

When the roll reaches him, the by means of the knife. The moulder 
moulder places his open mould before { then removes his tool, opens his press, 
him, and then taking a roll, the head I and then his mould, t^esout the pipe 
of which he places upon a special sup- and passes his knUe over it, so as to 
port, he thrusts his needle into the 1 remove the traces of the junction of ^ 
centre of the tail of the roll, and : the two parts of the mould, takes out 
pushes it up to the head, guiding it the needle, and places his pipe upon a 
with two fingers of the left hand, so as board alongside of him. 
to keep it exactly in the centre. An ' The pipes are arran^ with care 
inexperiencedperaon who should try to upon these boards, with their stems 
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resting here and there upon small i perfect ones in the saggers. These 
sticks or else upon very fine sand. [ latter ^e terra cotta boxes, in which 
When these boards are full they are ' the pipes are arranged in circular beds^ 
delivered to the finisher, who allows ' the bowls placed downward, and the 
the pipes to harden a little before finish- I stems united above by a defective stem 
ing them. The finisher begins by j in onlcr to j-irevent them from getting 
passing another needle into the stem, | out of place during can-iage. When 
then scrapes oif the seams, and removes | the saggers arc full they are carried to 
the lines or scars formed on the stem sjiecial furnaces, and are su|)erposed 
by the variou.s parts of the mould, and, I as in pottery furnaces, 
with a copper tool, indents the figures In lai^e manufactories, the operation 
that are to appear upon the pipe. He of Hiking is the same'as in jKitteries. 
then arranges the pipes upon other The furnaces arc in batteries of three ; 



boards, and leaves the needle in them 
so as to prevent a -curvature of the 
stem during drying. The boards, 
holding a gross of pipes, are taken to 
the driers, whose temperature is very 
high. 

When the pipes are sufficiently dry, 
workmen polish them with tools analo- 
gous to those used 1^ burnishers, and 
which are . manoeuvi^ in the same 
way; . 

The pipes are then earned to other 
workmen, *who verify them, reject the 
defective ones, and proceed to put the 


wliile one of them is being fired anotlier 
is in process of cooling, and the tliird 
is being chargecl. 

Each furnace bakes about 600 gross 
of pijies per day. Tlie duration of the 
baking varies according to the clay, 
but it is at least 5 hours, and some- 
times readies 8-9. 

After the baking, the furnace is 
allowed to cool for about 24 hours, 
then the saggers are taken out and the 
pipes are removed. The latter are 
I then examined, and those that are weU 
■ baked are polished anew 
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Although the vip*’ is finished, it has 
yet to undergo another o|>eration before 
it can be used, and that is dipping. The 
object of this is to remove the porosity 
of the clay, which without this would 
stick to the lips, i^’or this o{)eration 
tlie pipes arc taken and dipiKjd, one by 
one, in a hot hith of soiip watei and 
wax, and then drained ami dried. 

The manufiu'ture of the common 
pipe is at length finished ; but, l)efore 
Itt'ing delivered to the trmle, cerhiin 
other operations ai-e necessary : it 
must be lalxilled, and cerhiin styles 
be wrapped up, and all must Ije 
I wicked. 

The packing is done in wooden l)Oxes 
filled with striiw. The pijHjs are ar- 
ranged alongside of each other in the 
l>oxes, and the intervals l»etween them 
are filled with fine straw. 'I’he w'ork- 
men must liave some ex|»erience, for, 
if the iiacking is Pw tight tlie jolting 
that the Ijox receives will lie trans- 
mitted to the interior and break the 
pipes ; ami, if it is too loose, the pipes 
will strike against each other and pieces 
will lie chipjied oil*. 

Tliis ojienition must Ite wirefully 
performed, as some lioxes go to America, 
otliers to Australia, South Afriisi, and 
even to Nortliern Silieria. 

All the operations aliove descrilied 
arc ajjplied to the wholly white pipe. 
4f the pi|)e is coloureil, it necessitates 
^several new operations. After the 
pifies liave lieen baked, they are carried 
to tlie glazing room. The operators 
in this latter are usually women, each 
of whom has in front of her a series of 
cups containing liquid glazes of various 
colours, and each cup provided with a 
small stick. Each pipe is taken up by 
the-operator, who, with the stick, puts 
a glaze ujmiu it either in the form of 
dots or Itfiuds. It is in this way, dot 
by dot, that the pipes that are styled 
glazed are finished. These pipes are 
remarkable for the finish that they 
exhibit. 

The pipes thus ornamented are ar- 
ranged upon plates and put in furnaces 
raised to a high temperature, where 
they undergo a new baking that vitrifies 


the glazing. Then , after being labelled 
and wrapjied up, they are packed. 

So much for the manufacture of 
pipes properly so called. With such 
manufacture is incorporated an acces- 
sory one— that of moulds. The moulds 
are of steel and of hi’onze. Moulds for 
plain pipes are of steel, and those for 
ornamental pipes are usually of bronze, 
chilled internally. If the pipe repre- 
sents a head or a complicated subject, 
this jiart of the mould is made in 
several pieces, in onler to allow' of the 
removal of the object. In this case 
the mould is ahvays complicated, and 
is made with difficulty, for all the 
parts of it have to fit accurately and 
without leavingany seams on the figure. 

The workmen who make these 
moulds must know how to sculpture 
very ivell, and must also possess some 
skill in the reproduction of complicated 
subjects, and know how to divide and 
arrange their moulds. These moulds 
are very costly. Some of them, which 
furnish true works of art, have cost as 
mucli as 120/. (‘ Les Inventions Nou- 
velles.’) 

(c) The clay of which these are made 
is obtained in Dorset and Devonshire, 
in lai^e lumps, which are purified by 
dissolving in water in large pits, where 
the solution is well stirred up, by 
which the stones and coarse matter 
are deposited ; the clayey solution is 
then poured oft* into another, where 
it subsides and deposits the clay. The 
water, when clear, is drawn off, and 
the clay at the Iwttom is left suffi- 
ciently dry for use. Thus prepared, 
the clay is spread on a b(»rd, and 
lieaten with an iron bar to temper and 
, mix it ; then it is divided into pieces 
of the proper size to form a tobacco 
pipe ; each of these pieces is rolled 
under the hand into a long roll, with 
a bulb at one end to form the bowl ; 
and in this state they are laid up in 
parcels for a day or two, until they 
become sufficiently dry for ^ssipg, 
which is the next process, ana is con- 
ducted in the following mauner The 
roll of clay is put between two iron 
moulds, each of which is impressed 
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with the figure of oue*half of the pi{)e ; 
before these are brouglit together a 
piece of wire of the size of the bore is 
inserted midway between them ; they 
are then forced together in a press by 
means of a screw upon a bench. A 
lever is next depressed, by which a 
tool enters the bulb at the end, and 
compresses it into the form of a bowl ; 
and the w’ire in tlie pipe is afterwani 
thrust l>ack wards and forwards to carry • 
the tube perfectly through into tho 
bowl. The press is now opened by 
turning back the screw, and the mould 
is taken out. A knife is next thrust 
into a cleft of the mould left for the 
purpose, to cut the eml of the lx)wl 
smooth and flat ; the wire is carefully | 
withdrawn, and the pipe is taken out i 
of the mould. The pipes when so far ! 
completed, are laid by 2 or 3 days, 
properly arranged, to let the air have 
access to all their parts, till they be- 
come stiff, when they are dressed with 
scrapers to take off the impressions of 
the joints of the moulds ; they are 
afterwards smoothed and polished mth 
a piece of hard wood. 

The next process is that of Iwking 
or bmiiing ; and this is performed in 
a furnace of peculiar construction. It 
is built within a cylinder of brickwork, 
having a dome at top, and a chimney 
rising from it to a considerable height, 
to promote the draught. Within this 
is a lining of fire-brick, having a fire- 
place at the bottom of it. The pot 
which contains the pipes is formed of 
broken pieces of pipes cemented to- 
gether by fresh cl|y, and hardened by 
burning ; it has a number of vertical 
flues surrounding it, conducting the 
flame from the fire-grate into the dome, 
and through a hole in the dome up to 
the chimney. Within the pot several 
|»t)jecting rings are made ; and upon 
these the bowls of the pipes are sup- 
ported, the ends resting upon circuit 
pieces of pottery, which stand on small 
loote injlftTB rising up in the centre. 
By thk arrangement a small pot or 
crucible loan be made to contain 50 
gross of pipes without the risk of 
d|^magihg any of them. The pijjes. 


are put|iiito the pot at one side, when 
the crucible is open ; but when filled, 
this orifice is made up with broken 
pipes and fresh clay. At first the fire 
is but gentle, but it is increased by 
d^rees to the proper temperature, and 
so continued for 7-8 hours, when it is 
damped, and suffered to cool gradu- 
ally ; and when cold, the pipes are 
taken out ready for sale. 

Briar - root. — (aV The following 
note on the so-called briar-root pipes is 
from a report on the trade and commerce 
of Leghorn : Selected roots of the Heath 
{Erka arhorm) — preference being 
given to the male variety — are collected 
on the hills of the Maremma, where 
the plant gn)W8 luxuriantly and attains 
a great size. When brought to the 
factory, the roots are clear^ of earth, 
and any decayed parts are cut away. 
They are then shaped into blocks of 
various dimensions with a circular saw 
set in motion by a small steam-engine. 
Great dexterity is necessary at this 
stage in cutting the wood to the best 
advantage, and it is only after a long 
apprenticeship that a workman is thor- 
ouglily efficient. The blocks are then 
placed in a vat, and subjected to a 
gentle simmering for a space of 12 
hours. During this process they ac- 
quire the rich yellowish-brown hue for 
which the best pipes are noted, and 
are then in a condition to receive the 
final turning and boring, but this is 
not done here. The rough blocks are 
packed in sacks containing 40 to 100 
dozen each, and sent abroad, principally 
to France (St. Cloud), where they are 
finished into the famous Q. B. D., or 
“ Pipes de Bruy^re,” known to 
smokers in Finland under the namit 
of “Briar-root pipes.” (‘(3ardk 
Chron. ') 

(5) The root of the “Briar Ivy” I* 
the substance most generally tnud hi 
America for pipe making, it being 
selected for the puri>OBe on account m 
durability, hardness, and the tvight 
polish which it is capable of takifig. 
It is found throughout fhe Southern 
States generally— the t^t qualities 
growing in Virginia—and is sent to the 
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market in large pieces which vary in 
size from that of a man’s firtt to the 
dimensions of a good sized keg. 

The above information was imjiarted 
to us by one of the manufacturers of 
pipes in the city, wliilc wending our 
way from liis office to the cellar under- 
neath the factory, where the rough 
briar-root was stored. As we entered 
the last mentioned apartment, we 
noticed, heaped against the walls, the 
odd sliaped pieces of tin* w<K>d. Some 
luul just been received, for a workman 
was busily engaged in throwing them 
into an oven which, heated by steam 
pipes, served to dry out all sap and 
•moisture the wood might conUin. In 
the middle of the cellar a circular saw i 
was in motion, cutting the dry pieces : 
into slices about 2 in. thick, which as ' 
soon as finished were received by Ixiys 
and piled in regular heaps. From this 
underground ajiartnient, the slabs are 
sent to a drying room on one of the 
upper floors, where they are kept 
lieated at a nanlerate temperature for 
6 months, during which time the wood 
becomes thoroughly seasoned. 

Following our guide, we next entered 
the worksliof), and were at length 
liefore a workman who, sitting on a 
bench in which revolved a circuit saw, 
had at his side a pile of the slabs which 
we had alreadyseeu cut, down in the 
cellar. Taking one piece at a time, he 
pressed it against the blade, and in a 
few seconds it was divideil into sevend 
smaller blocks of the shape of Fig. 237. 
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The blocks vary in dimensions accord- 
ing to the size of pipe to be made. 
Very little of the wood is wasted, the 
odd pieces being all worked up into 
stems or small pipes. 


The blocks as soon as cut are passed 
over to the turners. Standing beside 
one of the workmen, we watched him 
as he placed the piece in the lathe 
chuck. A pressure of the lioring tool, 
and the interior of the bowl of the 
pi|)e was excavated, then a part of the 
exterior was turned ; and finally the 
block was reversed, and, in a few 
revolutions, the end for the stern com- 
pleted. The entire operation did not 
occupy more tlian 10 seconds, the 
pijKs, when thrown to one side, appear- 
ing sis in Fig. 238. Still it was ftir 



from finished. It l\ad to be carved 
into shape, and, to witness the process, 
we were conducted to another part of 
the room w'here the filers were at work. 
Each operative had before him a re- 
volving disc, one side and the edges of 
which were cut coarse or fine, like files, 
Tliis instrument removes the wood in 
either large oi- small quantities as may 
be desired. If the pipe is to be oma- 
menteil, the finer files are used to cut 
away minute portions. The workmen 
are all well skilled, and reproduce 
apparent ly intricate designs with won- 
derful accuracy. • The most delicate 
work, such as faces, flowers, etc., are 
cut by hand. * 

After the caning is completed and 
a hole is drilled for the stem, the pipe 
is thoroughly sandpapered by holmug 
it against a revolving wheel covered 
with that material. This done, it is 
passed to the burnisher, where a bril- 
liant polish is given to the wood by 
allowing it to rest against a rotary disc 
made of layers of cliamois leather. 

We next passed to the finiahing 
foom, where, seated at long tables, 
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we found a number of workmen en- ( 
gaged in fastening to the pipes the | 
metal tops and covers, together with ■ 
the small bits of cliain and Imnds 
which hold the stems and mouthpieces * 
in place. The latter are manufactured 
from the tips of horns wliich are ' 
bought from the comb makers for the 
purpose. These tips are turned to 
the shape desired, holes are drilled 
through their length, and then they ! 
are bent into shape by the action of ' 
heat, and finally coloured black by a 
dye. WTien completed, they are j 
carried to the finishing room and 
there attached to the pipes. Notliing 
further remains to be done but to 
pack the finished pipes in boxes, label 
and mark them, and they are ready 
for the market. (‘ Scient. Amer.’) 

Charcoal. —The use of charcoal in 
the preparation of pipe heads, a long 
time practised, has lately experienced 
many improvements, so tliat now 
pipes are prcxluced remarkable for a 
deep black, lustrous appearance, and 
of verj' great durability. The mate- 
rial consists of a mixture of 2 parts 
best charcoal black and 1 part best 
black peaty earth, ground so finely 
that, when rubbed between the fingers 
no trace of granules is perceptible. ■ 
2 parts of this mixture are then united 
with 1 part of an equally well pulver- 
ised residuum of distilled cannel coal, 
containing still a portion of its bitu- 
men, and the whole rubbed together 
thoroughly till all the three ingredients ! 
are uniformly combined. The mixture , 
is then plac^ in iron boxes, in which [ 
are sunken moulds corresponding to ; 
the pipe heads, and while the boxes ; 
are then heated to the boiling point 
of water, stamps with rough surfaces' 
«re foro^ under hydraulic pressure 
into the openings of the heads, so that 
this process, united with the increased 
temperature, not only combines the ! 
carlwnaceous mass into compact pipe ; 
heads, but also produces a smooth j 
exterfor, tod at tl]« same time a rough 
inner surface. 

Meersohaiuu.r-The following is 
a new prM^ss for preparing artificial 


meerschaum. Precipitates are pre* 
p.ii-ed by(neans of a solution of soluble 
glass : (a) of silicate of magnesia, % 
precipitating it tlirough a solution of 
sulphate of magnesia ; (6) of silicate 
of alumina, by precipitating through 
a solution of alum ; (r) of silicate of 
lime, by precipitating through a solu- 
tion of chloride of ■calcium. All these 
solutions are diluted, 1 jyart salt being 
used for 10 ptrts water. In order to 
precipitate the solutions* the operation 
is performed at 20'^ C. , except in the 
case of the silicate of alumma, for which 
the solutions have a temperature of 
aliuut C. (d) A solution of fused 
chloride of calcium (1 part to IG of 
water) is precipitated at 1 5°-20° C. by 
a solution of sulphate of soda(l to Ifi), 
The precipitate of sulphate of lime is 
first dried, and then freed of the 
larger part of the water that it may 
contain, by compressing it, and ex- 
posing it upon hurdles in a stove. 
Finally, it is totally (lehydrated by 
heating it in a very clean iron kettle. 
The sulphate of lime thus prepared is 
in the form of a very fine and very 
white powder. It is carefully pre- 
served in boxes tliat are kept in a per- 
fectly dry place. 

Into 33 lb. of water at 40® C. are 
put 19 lb. of precipitate rf in 20 suc- 
cessive and nearly equal portions. 
The mixing should be done with much 
care and with rapid stirring. There 
are afterwards added to the mixture 
the following substances, weired in 
advance: 7| lb. of precipitate a; 
3y®-, lb. of precipitate /> ; f>J lb. of 
precipitate c. All these precipitates 
should be mixed with water, and then 
the mass, which is in the form of a 
thin is immediately introduced 

into a vessel through a No. 20 brass 
sieve, and thence into wooden boxes 
that rest upon large slabs of plaster 
covered with canvas, and about 4 in. 
thick. In about 15-25 minutes the 
mass may be detached from the sides 
of the frame by means of a blunt blade 
of brass, and the frame may be re- 
moved. The mass is left UTOn the 
I slabs of plaster until it is sufficient^ 
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dry to be sawed into small iilocks of 
various dimensions, according to re- 
quirements. These blocks are more 
thoroughly dried upon hurdles in a 
stove. Then they are worked with a 
knife or in a lathe, and are waxed and 
|iolished as in tlie (jase of objects made 
of genuine meerschaum. It should 
l>e remarked that, on introducing the 
hot mixture into the frame, c.are should 
be taken not >> iiitro<luce air bubbles 
at the same time. Varying propor- 
tions of precipitates a, A, c, may be 
used. The larger the proportion, the 
harder and heavier will l>e the final 
mass. 

Hookah. — Fig. 289 shows a hookah 
complete. A, a speinal ineerscluvum 
Iwwl ; 1), a turned piece of wood to 



fit bowl, and left long enough to go 
into cork ; C, a gooil, sound, tight- 
fitting cork ; T, a glass tube about 
J-in. diameter, fitted into bottom of 
I), and of such a length as to be about 
in. above bottom of water-bottle, 
vase, etc., G ; T, a small piece of tube 
(glass) |-in. diameter, put tlutiugh 
cork, and projecting about ^ in. under 
cork ; S, the “snake ” or tulie (rubber 
in. diameter) attached to T ; B, 


the mouthpiece. Water in bottle 
should always be about .8 in; below 
end of tube T ; and should be renewed 
frequently as it soon gets discoloured. 
Fig. 241 is a section of Fig. 239. Fig. 
240 shows pillar D adapted to an 
ordinary pipe, the mouthpiece being 
unscrewed, the lx)wl may l)e screwed 
on to face of pillar, instead of inserting 
whole stem of pipe, as sketched. Fig. 
242 shows the hookah, as commonly 
used in India. A, bm-nt clay bowl ; 



A 

D, turned wooden pillar ; G, coco-hut 
shell ; B, bamboo mouthpiece. Water, 
of cx)urse, below entrance to mouth- 
piece. The letters refer to same parts 
in all the sketches. If air gets into 
vessel, and smoke does not come 
through tube in sufficient quantity, 
the top of the cork must be varnished, 
or have a coat of rubber varnish. 
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Tools, 

HANDY, AND VARIOUS USEFUL 
RECEIPTS FOR CARE AND 
PRESERVATION OF 
TOOLS. 

A Handy Punch. —Fig. 2i:i ia a 
punch for puncliiiig lioles, hot or col<l. 
The drawing will explain itself. By 
making dififercnt sizes of dies and 
punches the same tool will »»uiich as 



1¥i‘ 
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many sizes as you like. A is the die 
shown sectionally at C, to fit in hole 
D. B goes in the hole in the anvil. 
(‘ American Blacksmith and Wlieel- 
wright.’) 



Fig. 244 is a sketch of a little device 
for puuplnug sheet metal by hand. 


Though it be an old device, yet it may 
be as useful to others as it has been to 
me, for, having no punching machine, 
either hand or power, I found myself 
confronted with a vast array of un- 
created holes in a sheet -iron job. It 
looked like a case of drilling them or 
refusing the order. Neither of these 
alternatives appojiled U) my taste, so 
I doubled over a bit of steel, drilled a 
free hole through and through the 
ends, and my slieet-mehil troubles 
were over. This t(K)l is ludicrous in 
its simplicity and surely must be an 
old idea ; but I have never seen it 
in use, and I offer it to those of 
my bretliren who, like myself, have 
struggled long in the need of it. 
(Maurice II. Williams, in the ‘ Ameri- 
can Macliinist.’) 

Clippers for Cutting Bolts 
and Bod Metal. — These tools very 
readily clip or cut rod metal, only 
reejuiriug the strength one tmn can 
easily exert, to effect this. They are 
found of great use in many workshops. 

Fig. 247 is made as follows : — To 
make the blade take a piece of tool 
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steel, I by 11, and forge as shown in 
sketch. For handles use by 
common iron will do. Put } inch 
hole in the blade, and use a steel bolt 
or rivet. Temper it and draw it to s' 
blue. Use care in tempering the 
blade as only the cutting edge must b«» 
tempered. This size ''is suitable for 
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^inch bolts and under. We have 
used two jiairs of these clipperl in the 
factory where I work for over a year, 
and they have given excellent satisfac- 
tion. 

Fig. 246 is said to have been in 
regular use in a shop for 12 years, 
and cuts bolts u]i to f inch. The 
handles are :i2 inches long, but for the 
heaviest work 36 inches is l)ettcr. 

Fig. 245, although resembling Fig. 
246, works on a* different principle, as 
will be seen. Take a piece of steel 


when properly made. (‘ American 
Blacksmith and Wheelwright.’) 

Dividingthe Width of aBoard 
into Equal Parts. — What is pro- 
bably the best method of doing this, 
even when the board is to be divided 
into two equal widths only, is that 
: illustrated in Fig. 248. It matters 
I not wliat the width of the Imrd may 
1 l)e, the method always applies. Lay 
' the rule across the Isfarcl diagonally, 

, letting the ends come exactly at the 
' edges of the board as shown. If the 
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IJ inch wide, g inch tliick, 4 inch long 1 
and draw out as at A in the cut. Prill 
a hole, B, in the end, and another one 
inches from the other end, as at C. 
Make two cross pieces, D, inch 
thick, by 1 inch wide, with a hole in 
each end, and a A inch hole in the 
centre for oil. Make a small roller 
I inch in diameter, and make a half- 
circular recess in each jaw as at E in 
the illustration. Half of the roller 
will then be in each jaw. Use g inch 
bolts in all joints. This bolt clipfKir 
will cut from | inch to | inch bolts 


board is to he divided into two widths 
then a mark against the 6 inch mark 
on the rule, as at A, will do it. For 
three jiarts the mark would be against 
4 inches and 8 inches on the rule, 
B B in the illustration, wliile for four 
parts it would be at 3 inches, 6 inches, 
and 9* inches on the rule, 0 C C on the 
drawing. With the rule as shown 
the divisions can also be sixths, 
twelfths, twenty-fourths, etc. For 
division into five, seven or nine parts, 
open the rule and place it to the 12J 
inch, * 14 inch, and ISJ inch marks 
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respectively, when the divisions will be ; 
at the inch, 5 inch, etc. marks in 
the first case ; at the 2 inch, 4 inch, j 
etc., in the second ; and at the 1 J inch 
3 inch, etc. in the third case. i 



Hy this method it is easy to e<jually 
divide any board, no matter what the 
width is, into any number of parts, 
without the trouble of making exact 
calculations, or any waste of material. 

Drilling Square Holes.— Sup- 
pose we want to drill I inch square 
hole in any job. First take a piece of 
sheet steel of any convenient size and 
about J inch thick. Near the centre 
thereof drill a round hole small enough 
to be squared to ^ in. File this out 
square, then harden and temf>er the 
template, which serves as a former to 
drill from, as represented in Fig. 249 
of the annexe^l sketches. Fasten this 
piece on the job to be done by solder- 
ing, or any other convenient method, 
then cut ^\ith a twist drill a J inch 
tlirough the same or to the dej)th re- 
Quired. Next take a piece of J inch 
S-square steel of any convenient 
length, harden and temper one end of 
it, and put a centre in the other. 
Grind the hardened end as flat and 
square as possible, and give each side 
a little' clearance, as represented in 
Pig. 260. The clearance lias been 
purposely exagger.ited in the drawing 
• in order to show it more clearly. A, 


; B, and (Fig. 250) indicate the cut- 
ting edges of the tool. If the job is 
to be executed in a lathe, put a dog on 
the 3-squarc drill, and hold it in the 
usual way between the tailstock centre 
and the work, exerting a slight pres- 
sure backwards so as to keep it in the 
centre ; then with the tailstock hand- 
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wheel feed forward, as witli an ordi- 
nary drill, but steaflier. 

The resulting action of the S-square 
drill within the square former plate, 
whilst it is rotating, is as follows : — 
The corners of the drill go into those 
of the former alternately, thus clearing 
out the right angles in the hole. If 
we allow ^ incli clearance between 
the square former and the job, it is 
better for the ii-square drill, as the 
former does not take the sharp comers 
off the same where it is being used. 

The writer has used this method, 
and has even drilled square holes 
small enough for watch keys, the 
square former in this case being only 
about *02 inch thick. It is necessary 
that the length of each side of the 3- 
square drill should always be the same 
as that of the side of the square to 
be drille^l. (‘American Machinist.') 

(h) To drill a square hole, the 
tool itself is the usual form of three* 
square drill, shown in Fig. 261 ; so 
that it will be seen tliat no special 
apljaratus at all is required. Clamp 
or chuck this drill in its holder 80 
tliat it vrUt and you have the 

whole secret. Instead of making a 
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round hole, as it undoubtedly will if and then lastly so that points C A go 
tightly grasi)ed, when loosely »held it to EC. The next move will bring 
produces a square one. The tool the model back to its first position, 
mark, enlarged, is represented in Fig. and it will have made an entire revo- 
252. Evidently, the boundaries of lution. Now if we have marked the 
the figure inclosed in the square are arcs described by the points, the out- 
arcs of circles, having for their centres line of a figure similar to that repre- v 

sented in Fig. 252 will be found, and 
it will be clear that this may approxi- 
mate closely to the square. The 
material in the re-entering angles on 
Jhe sides of the figuie is probably cut 
away by abrasion of the chips, after 
the drill has penetrated a short dis- 
tance. The amount of “wobble '’to 
give to the drill is measured by the 
distance of jx)int B, Fig. 254, from 
Fig. 251. tu„ 252. side I) E. 

It will be seen that this principle 
the corners. To see how this is pro- can lie extended considerably further ; 
duced, make a cardlioard model repre- as, for example, to the boring of an 
senting a section of the drill, as shown hexagonal hole by a five-pointed or 
in Fig. 2.53. (Jf course, it can be ! varied drill. This is easily tried with a 
made of any size, bearing in mind | cardboard model (Fig. 255). Begin, for 
that the points A, B, and 0 are tHjui- 
distant. Now draw a square having 
sides equal to the distance between 
two points of the drill, as A C. Place 
the model upon tliis square, as shown 


Fig. 266 . 

example, by swinging the side AB on A 
Fia. 263. Fio. 264. as a centre, to A F. The distance BF 

represents the “ wobble. ” Then, from 
in Fig. 254. The points A and C will this new jiosition swing the point C a 
plainly enter corresponding corners distance equal to B F ; from this point 
of the square, but there will lie a 8})ace D, and so on around the pentagon, 
between the point B and the side D E. The figure described by the sides will 
Now, retaining the point A in its be found to be a hexagon. It is im- 
comer, swing the model to the left, material, the inventor says, whether 
so that the point B will enter comer the drill wobbles in the work, or the 
T)^ (dotted-line arc). The point C work under the drill. (‘Scientific 
will then pass to F, and the centre of American.') 
the model 0 to H. The points A Extemporised Pipe-Wrencli. 
and B of the model then correspond It may not be generally known that 
with A and D of the square. Swing an iron pipe, a round pipe, can be held 
the model again, so that the points or turned by an ordinary adjustable 
B C of the drill go to comers D E, nut-spanner or wrench, if a file is 
4 2 0 
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inserted between the lower jaw and 
the pipe, as Fig. 256 shows. Any file 
will do, even a round one ; in fact, a 
round one is best as tending to roll 
inwards and jam tight, when the 
strain comes. Tt is not intended to 
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convey that this method should always 
be employed, for it is only a workshop 
wrinkle, useful to know when a proper 
f pipe-ivrench is not available. 

, Handy Foot- Vice. — (ct) The 
illustration. Fig. 257, shows a useful 
foot-vice, and which is easy to make. 
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The main piece can be made with 
grooves of different sizes in its head 
lor swaging caulks. Two legs are 
bolted bn as (^own, about a foot from 
the top. The treadle and other jaw 
are jpmed up as shown. 


(5) Fig' 268 is a handy foot-vice 
which can be made as follows : Take 
an old light axle, cut off the spindles, 
stove up one end a bit, and flatten to 
by 2, which is plenty wide enough, 
made one 3 in., but afterwards cut 
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it down. Bend as shown in cut. 
Jump on lug same size of iron used ; 
let extend out IJ in. ; drill in. 
hole in same. Measure distance from 
top of anvil to floor and bend, allowing 
about H in. for play between vice and 
floor. Cut ott“ 14 in. from where your 
bend comes, and flatten before you 
make it ; it will be easier to handle 
in the bending. Bend the foot so 
your toe will hold vice in place, 
with heel on the floor. No ne^ of 
much pressure. All ttiat is required 
is to keep the shoe from getting away, 
while you do the rest. 

For hanger I use IJ by | double, 
and weld, leaving end open to receive 
the lug (as showm at B). You 
attach the hanger to anvil block with 
two lag screws, f in. by 3 in. You 
can hang this vice so it will free itself 
at just the proper distance from anVfl 
without springs. If you can, 
bends, and hang as shown at A is 
I illustration. Bend hanger so it 
put vice where you want it. 

I advantage this vice baa over othon |i 
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a solid foundation, which you* cannot 
have with any other (no moving from 
one to the other). Y ou can give caulks 
any slant you prefer. Remove bolt, 
and set away when not in use. 

(c) Fig. 259 is a foot- vice for sharpen- 
ing shoes. I liave used it for more 
than ten years, and like it Injcause 
there is more room between the anvil 
to hold the shoe to shary)en the heels 
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if desired. I also make a swivel jaw, 
and use a spring to keep it open. 1 
put a yoke over the peg to keeyj it in 
the hole in the anvil. (‘American 
Blacksmith and Wheelwright. ’) 
Keeping Engineers’ Screw 
Taps m Order.— In an engineers’ 
shop a tap is an indispensable tool, and, 
in ^t, it is almost impossible to con- 
struct any mechanical appliance with- 
out the tap being used. The follow- 
ing hints on the proper care and use 
of tftie tap may not ^ amiss, as it is 
not always, save in the larger shops, 
that there is a tool department in 
whk* all small hand tools are stored 
and kept in order by a tool fitter. In 
a shop in which there is a toolroom, 
the fitter or machinist only requires to 
aek the size of the taps. he wants when 
he will get a set of three tape, and, if 
necessary, a drill the standard tapping 
size, all being in good condition and 


ready for use. But in a small shop, 
where a toolroom is too expensive, and 
where the tools are kept in the store, 
a very different state of affairs prevails 
unless the storeman has some practical 
knowledge and takes an interest in the 
tools, and he has often plenty of other 
work besides this, so they are apt to 
get very little attention, and in time 
I with wear and rough usage they are 
I almost unfit for use. They may not 
! be broken ; but the cutting edge of the 
bottom threads may lie so worn and 
i chipped as to make it an impossibility 
' to cut a thread with them. When you 
get a tap in tliis condition it is better 
to grind it up, grinding away all the 
woni portion and keeping the end of 
tap square ; then tapering the end 
threads as they were at first, care 
being taken to grind more off the back 
than the cutting edge, otherwise the 
taj) will not cut. About A inch is 
enough clearance ; if more tlxan tl. j is 
given it is apt to wobble about when 
starting, and there is also the danger 
when tapping tough metal of the cut- 
tings getting behind the tap when 
backing out, and jamming it. This 
' applies to tlie intermediate tap, the 
tapered tap being but little used where 
the hole is not clear through the metal. 
The plug tap, when the bottom tlu^ads 
are worn or broken, should be ground 
square on end till the bad part is re- 
moved, then the bottom edge bevelled 
to an angle of 45®. The tap will cut 
easier when ground in this way, as all 
the cutting is not being done by one 
edge ; there is also less risk of breaking 
the thread. Of course this will not 
tap to the very bottom of a hole ; but 
it is seldom tiiata hole is tapped to 
the bottom, and when it is done we 
often find that the bottom thread of 
the tap lias been left there. It is 
much easier starting a tap in a hole if 
the edge of the hole hM been left 
sharp, and not slightly countersunk, as 
is sometimes done to prevent the top 
thread being raised above the surf^ 
when a stud is screwed in. Tins can 
be done as easily with a chisel or a drill 
aft^ the hole is tapped. Oil should 
2 0 2 
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not be put on the tap till it hae a good 
hold of the metal, an there is less fric- 
tion wth the oil, and more force has 
to Ije exerted to start the tap. A 
common device for keeping the tap 
square when tapping is to run a faced 
nut on the ttip, and when the tap is 
started to run the nut down to the sur- 
face, when it will at once la; seen 
whether the tap is square, and holding 
the nut in position when the tap is 
square, and running the tap tlirough it. 
This is only necesfNtiry at tirst, as, after 
some i)ractice, the nut need only be 
tried down ft)r two times to test the 
squareness of the tap. When tapping 
a tough material, such as wi-ought iron 
and mild steel, it is much easier done if 
the tap is giveii a half-turn bvck every 
three or four turns. This cases the 
tap, and breaks the chips, which are 
apt to curl up and jam the tap. This 
does not apply to the tapping of nuts 
on a machine, as the tap used for this 
is tapered all its length and takes but 
a light cut, and is not like an inter- 
mediate tap doing all the cutting with 
two or three threads. ^Mien a nut is 
tight for a stud, a piece of tin nin 
through the nu ./ with the tap will make 
it easier. (‘ English Mechanic. ’) 
Making a Small Anvil.— The 
sketch, Fig. 260, shows how to make a 
small anvil. Take a piece of cast steel 
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2 inches by 6 inches, then take a bar 
of Iron 2 inches s(juare and upset and 
scarf to shape as at A A, Fig. 261. 
Make a good heat on lK)th steel and 
iron and put togetlier as at B B. I .ay 
steel on the anvil and hold iron on top 
of it, aiKl let the helper strike on the 


end of it; and also weld down the 
scarfs well at BB with the fuller. 
Next forge to shape and draw out as 
per dotted lines C C. Tliat done, cut 
off your bar of iron at D and fuller in 
recess as at E. Then turn up the 
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ends in direction of arrows at G G, and 
dress up Ixise to projHjr shaix;. Dress 
u]) face and horn, and drill or punch 
your holes and temper. 

H (Fig. 260) is a base for sliding anvil 
into. When doing light forging on it, 
the shank X fits into large liole in big 
anvil, or to fasten in the vice or in any 
block of wood. The lower illustration 
shows the anvil in base. Such a tool 
can be used daily. I often wonder 
how I kept shop without it. Besides 
using it fcfr welding very small ferrules 
and standing it on the forge 12 inches 
from the fire to weld very lighl^ iron 
on, I use it for backing up nuts tliat I 
want to split off the Indts, to back up 
rivets on a buggy top, or in a waggon 
box and various other tilings too numer- 
ous to mention. But the most use I 
have found for it is during harvest time, 
to repair reaper knives. I lay my sickle 
on a i)lock at one end, and on tills small 
anvil at the other, and punch out the 
ohl rivets and put on new knives and 
rivets much handier and in less time 
than any other way I liave ever tried. 
(‘American Blacksmith and Wheel- 
wright.’) 

A Shop-made Tap to Cut a 
Left-hand Thread.— It frequently 
hai)j)en8 that a smith lias to cut a left 
hand tliread when he lias not any 
proper tap to tlo the work. The ^ 
lowing is a simple method of nuddog 
one tliat will answer all purpoees 
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Forge a piec(^ of steel out to tliree- piece, which i« bored at the top aa 
cornered shape of the riglit size for shown in the drawing, to receive the 
the hole to be tapped. An old platen C, at the bottom where the 
three-cornered file, softened, may be ram B fits, and faced oft* on the upper 
used. Then Uke a piece of linen surface of the openings for the platen 
thread and wind around it in a left- C to form a seat, as shown in vertical 
handed direction, having the turns the section. The plate on top of the up- 
same y)itcli as the thread that is to • right is simply to hold the platen in 
l>e cut. Now take three- 
cornered file and cut out 
threads in the corners of the 
tap, lieing gui?T(‘d by the 
linen threjwls as to tlie proper 
place to file, after which 
temjwr in the following 
manner • — Heat steel in a 
chatcoal fire to a cherry red, 
then dip i)erj)endicularly in 
clean water that has the 
chill taken off it ; brighten 
tap along the sides, and 
then lower as follows ; A 
piece of tul)e about half the 
length of the tap and about 
twice or three times its dia- 



tneter, having its thickness 
al)out the stvme as the dia- 
meter of the tap, should l)e 
heated to an even cherry'- 
red ; take the taj) in a jiair 
of tongs whose jaws have 
been warmed and yxiss it 
back and forth (revolving 
it) through the tul)c until a 
brown colour appears. Then 
quench it in warm water. 
Should either end of the tap 
lower too rapidly, cool it by 
a slight application of oil. 
(‘ American Blacksmith and 
Wheelwright.’) 

A Simple Hydraulic 
Press. — The four illustra- 
tions here given, Figs. 2(52, 



263, 264, and 265, afford 

particulars of a hydraulic press which I place when pressure is removal from 
seems to have been reduced to its ' it. The stem on the lower part of 


simplest oiements. The press i)roper 
consists of three principal imrts only— 
the frame A, ram B, and the platen C ; 
the usual rods with nuts, washers, etc. , 
being dispensed with in favour of a 
construction which makes the base, 
the uprights, and the top of a single 


the ram is turned to fit the bored seat 
in the frame by means of which the 
ram is accurately guided, and the 
i drawing therefore shows absolutely 
, all there is of the press, it be^ 
adapted for use in connection with 
I any suitable force-pump. It is appar- 
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ent, of course, that this construction 
secures great rigidity, and we under- 1 
stand the press is used particularly for 
hobbjng dies used in jewellery manu- 
facture, and for similar purposes where 
a hanlened hob is by great pressure 
simply pressed into the die cold to 
form the impression. (‘ American 
Machinist. ’) 

Soft Hammers.— There is scarcely 
anything about a macliinc-shop that 
has such a wide use as the soft ham- 
mer, and yet it is surprising to note 
the crudeness of these hammers in 
some shops. No one hammer could 
be recommended as the ideal lianimer 
for all shops, for the reason that the 
class of work varies. A piece of lead 
held in the liand would be sufficient 
to drive anything up into place in 
some shops, while in the erection of 
heavy machinery it is necessary to hit 
a blow so heavy tliat a large chunk of 
lead at the end of a long handle would 
be insufficient to move it. We are, 
therefore, obliged to hold the hammer 
against tlie work and bump it into 
place by the use of a battering-ram. 
Three grades of hammers will usually 
. cover everything, from the lightest to 
the heaviest work. Hammers for 
light work are made of Babbitt metal 
, about 6 in. in length, and are cylin- 
drical when cast. After a short usage, 
the ends become battered up. This 
style of hammer is most satisfactory 
when made in three sizes, the smallest 
being 1 J in. in diameter, the next one 
If in., and the largest 3 in. in dia- 
meter. They are all the same length, 
about 6 in. or so being the convenient 
size. 

When these hammers become bat- 
tered up they are melted and recast in 
a cast-iron mould, Fig. 266. A, B, 
and C are the cylindrical openings for 
the different sizes. The mould is set 
dbwn on a board which is covered 
with day, and each one of the recesses 
is filled up with molten Babbitt. As 
soon as* the metal sets, the mould is 
opened, and is then ready for another 
set of castings, ’ There is, perhaps no 
'hammet tliat is more convenient for 


light work, such as sewing machines, 
etc., than the smallest of these sizes. 

On heavier work we are enabled to 
strike a blow of sufficient force with 
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the largest one of these sizes. If we 
were to put a handle on the hammer, 
we would Ih; able to strike a much 
hanier blow ; thus we find in some 
factories the lead hammers shown in 
Fig. 267, The liandle is made of liard 
ww)d. They are cut 
off in large quanti- 
ties from straight 
sticks which have 
been shaped up at 
the planing mill, 

A mouhl is arranged 
to receive this 
wwxleii handle, and 
then the Babbitt is 
poured around it. 

These hammers are 
usually made in one Kic. 267. 
size. The handle 
being made of woo{], one is able to 
get a very good hold with greasy 
hands! After the hammers have be- 
come battered up, they are thrown 
into a pot and the Babbitt is melted 
off. The handles being cheap, are 
thrown away and new ones are need ^ 
in their place. 

For very hokvy work the hammer, 
Fig. 268, is very convenient, ' 
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handle is made of ^-in. round iron, 
and is about 2 ft. long. A s&ould is 
arranged to receive this handle, and 
into it the Babbitt is poured. With 
this hammer one can strike a heavy 
blow, and, in addition to this, one can ! 
place this hammer against a heavy 
piece of work and bump a battering- 
ram uj) against it. This is not true 
of the other two classes of liammers 
just spoken of. Tlie hammer in Fig. 
267, foi- instjuice, will crush very 
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quickly when subjected to this treat- 
ment. These hammers. Fig. 268, last 
a long while, and when they become 
battered they are used in ijonnection 
with the ram, as already stated. 
These hammers can be pounded down 
so as to form a flat cake 5 in. in dia- 
meter, and are still satisfactory for 
this class of work. The liammers are 
thrown into the Babbitt ladle, ami 
when the Babbitt is melted out the 
handles are used over again for new 
hammers. (‘ American Machinist.’) 

A Useful Tool for Cutting 
Half-round Grooves in Wood. 
Fig. 269 shows this tool, which can be 
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home-made. It is simply a wooden 
handle on the end of which is a piece 
of brass tube C, secured by the pin D. 
•nie handle should have a round^ club 
^nd, as the tool is pushed with the 


hand, no mallet being required. The 
rings marked at B is where the left 
hand holds the tool, the forefinger of 
this hand being used as a guide on the 
edge of the work. An edge at the 
opening of the tube A is given by filing 
the brass tube inside, not outside. It 
will be found tliat little skill is required 
in the use of tliis tool, and the results 
will be superior to a carver's gouge. 
In cutting an oil channel on a machine 
lied pattern the corners can be mitred 
if the end of the tube C is cut at an 
angle as shown by dotted line. 

lixiug a Water-Tuyere or 
Tue-Iron.— A smith, once he has 
used a water-tuyere, is seldom after- 
wants satisfied with the dry back style 
to his forge fire. The water tuyere 
has a section as shown in Fig. 270, it 
much resembling a large hollow sugar- 
loaf, with a tube running tlirough its 
length. Between the tube and the 
outer case is a water space as indicated. 
It is not possible to have the space 
sealed and steam tight, for, in this 
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state, it would soon explode when 
heated ; nor is a simple steam pipe 
sufficient, as with only this the tuyere 
would soon be boiled empty and dry. 
It has therefore to be connected up to 
a cistern or tank by a pair of circu- 
lating pipes, like a range boiler, and if 
the tank is of fair size the water will 
not reach boiling point, and the loss 
by evaporation will be very small. It 
may be considered that the tank shovdd 
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hold 20 gal., for best results, and the ' 
circulating pipes should he as low in it 
as possible, for when the water in the 
tank gets below either pipe there will 
be no circulation. The circulating 
pipes may be f in. or 1 in., but not 
less than f in . In the .sketch (Fig. 27 0), 
is show'U an alternative way of running 
the flow pipe from tuyere to tank, but 
whichever way may be adopted this 
pipe should be connected to the highest 
possible point of the tuyere. Fig. 271 
shows the tuyere in position. It may 
be fixed with or without a cast-iron 
breast (at the uo.se or front of it), 
though it is always best to use one. 

If used without a breast the tuyere 
should be fixed in the forge face with 
fire-bricks bedded in fire-clay, and 
should stand alwut 3 in. out on the 
hearth side. If the ordinary water 
supply is hard water, with lime in 
solution, it w'ill be found best to use 
rain or clean pond water for filling the 
tanks. 

Marking Tools. — A correspond- 
ent to the ‘Inland Printer,’ states I 
that the following is a plan adopted in 
a large trading concern : — First have 
a rubber stamp made with white letters i 
on a black ground ; then make up an 
ink to use with this stamp as follows : ] 
Ordinary resin, ^ lb. ; lard oil, 1 ; 
table.si)Oonful ; lampblack, 2 table- j 
spoonfuls ; turpentine, 2 tablespoon- I 
fuls. Melt the resin, and stir in the 
other ingredients in the order given. 
When the ink is cold it should look 
like ordinary printers’ ink. Spread a 
little of this ink over the pad and ink 
the rubber stamp as usual, and press 
it on the clean steel — saw blade, for 
instance. Have a rope of soft putty, 
and make a border of putty around 
the stamped design as close up to the 
lettering as possible, so that no portion 
of the steel inside the ring of putty is 
exposed but the lettering. Then pour 
into the putty ring the etching mixture, 
composed of 1 oz. of nitric acid, I oz. 
of muriatic acid, and 12 oz. of water. 
Allow it to rest for only a minute, 
draw off the acid a gl^s or rubber 
syringe, and soak up the last trace of 


acid with a moist sponge. Take off 
the pu^ty, aiul wi[)e oil’ the design with 
potash solution first, and then with 
turpentine, and the jol) is done. (A rut 
sec Etching.) 

Tools, Keeping^ in Condition. 

The following recipes are recommended 
for ])reveuting rust on iron and steel 
surfaces : — 

1. Caoutchouc oil is said to have 
proved efficient in jirev'ntingruat, and 
to have been fulopted by the German 
1 army. It only requires to be spread 
' with a piece of flannel in a very thin 
layer over the metallic surface and 
' allowed to dry up. Such e coating 
' will afford security against all atmo- 
spheric influences, and will not show 
I any cracks under the microscope after 
I a year’s standing. To remove it the 
1 article has simply to l)e treated with 
' caoutchouc oil again, and washed again 
i after 12-24 hours. 

I 2. A solution of indiarublier inben- 
i zene has been used for years as a'coat- 
' ing for steel, iron, and lead, and lias 
l»een found a simple means of keeping 
them from oxidising , It can be easily 
aiiplied ivith a brush, and is easily 
rubbed off. It should be made aliout 
the consistence of cream. 

3. All steel articles can be perfectly 
preserved from rust by putting a lump 
of fresldy-burnt lime in the drawer or 
case in which they are kept. If the 
tilings are to be moveil, as a gun in 
1 its case, for instance, put the lime in 
I a muslin liag. This is e8j)ecially valu- 
i able for si)ecimen8 of iron when frac- 
tured, for in a moderately dry place 
; the lime will not want renewing for 
! many years, as it is capable of absorbing 
' a large amount of moisture. Articles 
■ in use should be placed in a box nearly 
I fille<l w'ith thorougldy-slaketl lime. 

I Before using them rub well with a 
woollen cloth. 

j 4. The following mixture forms an 
' excellent brown coating for preventing 
iron and steel from rust : Dissolve, 2 
parts crystallised iron chloride, 2 Mlti- 
mony chloride, and 1 tannin in 4 of 
I water, and apply with sponge or rag, 

' and let dry. Then another coat of 
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j)aint 18 applied, and again another if 
necessary, until the colour liecomesaa 
dark as desired. When dry it is wjiahed 
with water, allowed to dry again, and 
the surface polished with boiled linseed 
oil. The antimony chloride must l)e 
as nearly neutral as possible. 

а. To keep tools from rusting, Like 
J oz. carnjihor, dissolve in 1 oz. melted 
lard ; take off the scum and mix in as 
much line blackJeiul (graphite) as will 
give it an iron colour. Clean the Lads 
and smear with this mixture. After 
21 houTs rub clean with a soft linen 
cloth. The tools will keep clean for 
months under ordinary circumstances. 

б. Put 1 (ff. freshly -slaked lime, i 
lb. washing soda, J lb. soft soap in a 
bucket and sulhcient water to cover 
the articles ; jiut in the tools as soon 
as possible after use, and wijw! them 
up next morning or let them remain 
until wanted. 

7. Soft soaj) with half its weight in 
pearlash, 1 oz. of mixture in altout 
1 gal. iHiiling water, is in everyday use 
in most engineers’ shops in tlie drip- 
cans use<l for turning long articles 
both in wrought iron and steel. The 
work, though constantly moist, does 
not rust, and bright nuts are immersed 
in it for days till wanted, and retain 
their judish. 

8. Melt slowly together 6-8 oz. lanl 
to 1 oz. rosin, stirring till cool ; when 
it is semi-fluid it is ready for use. If 
too thick it may lx- let down by coal- 
oil or benzene. Hublieil on bright sur- 
faces ever so thinly it preserves the 
polish effectually, and may W readily 
rubbed off. 

9. To protect metids from oxidation, 
polished iron or steel for instance, the 
requisite is to exclude air and moisture 
from th(! actual metallic surface ; 
therefore, polished tools are usually 
kept in wrappings of oil-cloth and 
brown pai)er, and, thus protected, they 
vrill preserve a spotless face for an 
unlimited time. When these metals 
come to be of necessity exposed in 
being converted to use, it is necessary 
to protect them by means of some per- 
manent dressing, and boiled linseed oil, 


which proves a lasting covering as it 
dries on, is one of the l^est preserva- 
tives, if not the liest. But, in order 
to give it body, it should lie thickened 
by the addition of some pigment, and 
the very liest, because the most con- 
genial of pigments is the ground oxide 
of the same metal, or in jilain words, 
rusted iron reiluced to an impalpable 
powder, for the dressing of iron and 
steel, which thus forms the pigment 
or oxide i)aiiit. 

10. Slake a piece of quicklime with 
just water enough to i;ause ittocrumble 
in a covered pot, and while hot add 
tallow to it and work into a jiaste, and 
use tliis to cover over bright work ; it 
can be easily wiped off. 

11. Olmstead’s varnish is made by 
melting 2 oz. rosin in 1 lb. fresh sweet 
lanl, melting the rosin first, and then 
adding the lard and mixing thoroughly. 
This is ajiplied to the metal, which 
should lie warm, if possible, and per- 
fectly cleaned ; it is afterwards rubbed 
off. This has I >6611 well proved and 
te.>5ted for many years, and is especially 
well suited for planished and Russian 
iron .surfaces which a slight rust is apt 
to injure very seriously. 
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Tortoiseshell. 

(a) This substance is not obtained 
from the animal commonly known as 
a tortoise, but forms the shell of the 
hawk 8-bill turtle— a turtle that fre- 
quents the seas of the West and East 
Indies and some other tropic seas. 
There can be no doubt that with the 
greatly increased demand and price 
that now exists, the shells of other 
species of turtle are pressed into use, 
and this is made more possible by the 
f^hion in these gcKxls admitting of 
plain orange-coloured shell being used 
as freely as tliat which has the duti- 
ful browu mottling of the true shell. 
Some idea of the value of the substance 
can be obtained by the fact tliat a 
single hat-pin—a round knob of plain 
^fellow shell on a silver-gilt pin is now 
worth one pound, while a good comb, 
which ladies wear in their hair, may 
fetch anything from to 201 . Tliis 
is for shell goods only, without jew- 
elled or gold enrichments. 

The Imwk fi-bill turtle has a shell 
which consists of a number of plates, 
overlapping at the edges like tiles on 
a roof, thirteen full plates on the 
middle of the back with 26 smaller 
ones around the edge. In the trade 
these are known as blades, and are 
mottled in colour. The under or 
belly plates are plain yellow. None 
can be considered true shell, as in 
substance the material more nearly 
approaches horn. To detach the 
bl^es from the bony liase fire-heat is 
employed, which causes the shell to 
come away, a thin knife completing 
the operation. 

In working tortoiseshell the proces- 
ses somewhat resemble those adopted 
with horn. BoiUng water will soften 
the material, but some care is needed, 
as too long a treatment spoils the 
colour. A little salt in the water 
does much to prevent injury from 
this cause, though some care is again 
needed, as ft st^ng solution of salt 
makes the shell Inittle. 


A remarkable property possessed 
by the«shell is that of “ welding,” it 
being possible to join two pieces by 
simple pressure if they are suitably 
prepared. Two edges are well bevelled, 
scraped clean, then pressed together 
in a small press and put into scalding 
water. From time to time the press 
is tightened up, and in a few hours 
the joint is complete and sound without 
injury to the coloui s or texture of the 
shell. Another metfiod is adopted 
with tongs, no water being used. The 
ends to joineil are prepared as just 
stated, tiieu seveml folds of damp 
linen are put on each side, and this 
is then clipped with a jwiir of flat-ended 
tongs which have lieen previously 
heated sufficiently hot to colour writing- 
paper yellow. They are then put in 
a vice and tightened up moderately 
firm and left to cool. Here again care 
is required to prevent excess of heat 
having an ill effect. It will deepen 
the colour, sometimes to blackness. 

Comb-making is practised with this 
material as with horn, every care being 
exercised to prevent waste of material. 
With objects requiring the shell to 
form a rim, the shell lends itself to 
ingenious treatment. A narrow piece 
of shell is taken and a slit is cut in it, 
then, after the shell has been softened, 
the edges of the slit are carefully pulled 
from each other until they make a 
circle, or ring. This treatment some- 
what prejudices the strength of the 
material, but it remains strong enough 
for all ordinary purfioses, though not 
so to the extent that old articles liave 
which were cut out of the solid. 

Tortoiseshell is mouhled for boxes 
or hollow goods by being (;ut to a suit- 
able size in the flat, then placed in 
position on or in the "mould, which is 
then lowered into boiling water. In 
about half an hour, the block can be 
pressed gently into the mould, carrying 
the shell with it. If a deep design is 
intended, this is not pres^ out at 
once, but is obtained by using two or 
more moulds, each one of increat^g 
depth. After moulding, the artiojo 
can be finished on the kthe, 
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cheapness or economy is requisite, the 
mould can be lined vdth peaces of 
shell, the edges of which are bevelled, 
lapp^ and prepared as for welding. 
Or a flat plate can first be made by 
welding pieces together. Even dust 
and ch^ of shell can be used, these 
being softened and pressed together, or 
moulded, making a real tortoise-article 
but of inferior finisli and appearance, 
the substance being nearly opaque. 
This plan may tftrve for working in the 
less important parts of good shell 
articles. Occasionally, colouring or 
adulterant materials are added when 
working up fine stuff*. 

Tortoiseshell can be used as a veneer 
for a wooden foundation, as with boxes, 
etc. The plates are r^uced to uni- 
form thinness, then glued on as with 
other kinds of veneer. To bring up 
the best effect and brilliancy of the 
shell and to hide the wood, fish-glue 
is used, coloured as may be desired. 

To inlay tortoiseshell with mother- 
of-pearl, gold, silver, etc., the orna- 
mental pieces are arranged on the 
plate of shell and then pressed in. 
The operation is as follows :~First, 
make a l)ed of tortoiseshell filings 
within the mould or press, and place 
a sheet of thin paper over these, place 
the shell-plate (with the ornamental 
pieces ready ui>on it) on to the paper, 
then steadily lower the top die-plate 
until it presses on the plate, plunge 
the whole into l)oiling water for an 
hour, and then examine to see that 
none of the ornaments are displaced. 
Close the press and put in the Innling 
water again, and after a short time 
bring heavy pressure to bear, and while 
under this pressure plunge into cold 
water. It. will be found that the orna- 
ments are perfectly inlaid and the sur- 
face only requires smoothing and 
finishing. 

So far no successful method of 
melting tortoiseshell has been dis- 
covered, and the shaping is therefore 
confined to cutting, welding and 
moulding. Cementing is sometimes 
done, but not where welding is pos- 
wble, A cement is as follows : — T^he 


30 parts shellac and 10 parts mastic, 
dissolve these in 126 parts of 90 per 
cent, alcohol, and add 2 parts turpen- 
tine. 

(c) In making tortoiseshell combs 
two are cut out of one strip to save 
waste. This is done by making a deep 
zig-zag cut down the centre of the 
strip, so tliat when the two parts come 
asunder the cut is found to give each 
piece a set of teeth. It is necessary 
to pull tlie two pieces apart as soon as 
possible or they will stick (weld) to- 
gether in places. Round knobs and 
ornaments are moulded after the shell 
has been heateil. Moulding lias to be 
done slowly, but is quite successful. 
To polish tortoiseshell it is first scraped 
then polished with charcotl dust and 
w'ater applied with a woollen cloth 
quite free of grease. Tliis is followed 
by whiting and water, and finally 
hand-rubbed with whiting or rotten- 
stone. Another method is, after scrap- 
ing or rubbing with finest sand-paper 
to get a smooth surface, to next use 
cliarcoal jwwder and water, then dry 
rotten-stone, finally with soft wash- 
leatiier and sweet-oil. Or a final 
finish can be made with nitrate of 
bismuth, hand rubbed. 

(d) A cement for mending tortoise- 
shell is made by putting some Canada 
balsam in an oven and heating it until, 
when allowed to cool, it becomes hard. 
When required for use remelt it by 
geutle heat and apply to the surfaces 
to joined. Wire the parts soundly 
together and leave 24 hours. On re- 
moving the wire any excess of balsam 
can be removed with a sharp knife. 

Imitation TortoisesheU. 
//oni. —(a) Mix up an equal quantity 
of quicklime and red lead witti soap- 
lees ; lay it on the horn with a stni^ 
brush, in imitation of the mottle of 
tortoiseshell ; when it is dry, repeat it 
two or three times. 

(6) Grind 1 oz. of lithar^ and } ok. 
of quick lime, together with a suflB.- 
cient quantity of liquid salts of tartar 
to make it of the consistence of paint. 
Put it on the horn with a brush, in 
imitation of tortoiseshell, and in thw 
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or four hours it will have produced 
the desired effect ; it may then be 
washed off with clean water ; if not 
deep enough it may l.>e repeated. If 
required a deeper colour can t>e given 
to the mottlings by going over the 
parts with red, l)rown or black colours 
mixed with whiting and water. 

(c) Take a piece of lunar caustic 
about the size of a pea ; grind it with 
water on a stone, and mix with it a 
sufficient portion of gum ambic to 
make it of a proper consistence ; then 
apply it with a brush to the horn in 
imitation (ff the veins of tortoiseshell. 
A little red lead, or some other powder 
mixed \nth it, to give it a Ijody, is of 
advantage. It will then stain the 
horn quite through, without hurting 
its texture and quality. In tliis case, 
however, be careful, when the horn is 
sufficiently stained, t<; let it be s(iaked 
for some hours in plain water, previous 
to finishing and polisliing it. Pieces 
of horn are united together to form 
one large piece by being softened at 
the edge by boiling water, and then 
pressing them together powerfully 
while surrounded by IsjUing water. 

Imitation Tortoim/ieU is now chiefly 
made with celluloid. Take some pasty 
celluloid and mix with it some brown 
aniline dye (soluble in spirit), and with 
another proportion some yellow dye of 
the same kind. Work these doughs 
(or one of them only if desired) into ' 
some nearly colourless celluloid, and I 
if done carefully streaks and |)atches of i 
colour in the mass will Ije obtained 
similar to tortoiseshell. Pn\ctice is 
refjuired to get the best eflect in mixing 
the coloured and colourless matcriaI.H. | 




Transfers. 

HOW TO USE. 

Transfers are now widely used in 
many trades, for decoration, trade 
1 marks, and the like, the transfer being 
practically non-detachable (whicli 
makes it different to a paper label), and 
iiaving the appearance of being printed 
or piinted ilirect on the article it is 
affixed to. Decomtors, japanners, and 
coach'painters use transfers largely, as 
also do makers of bicycles ; while the 
transfer is now being recognised as 
superior to [)apcr lalads for Ixittles. 

Bronze and gilt designs, as the trade 
marks on bicycles and japanned goods, 
are printed on very thin tissue paper, 
and are affixed dii ect with an adhesive 
8ul)stance ; while the more decorative 
tran.sfers, in colours, are on thick jKiper, 
so that the design is scarcely visible. 
The l)est goods of this kind have an 
outline of the design printed on the 
! l)ack of the papt‘r, corresponding with 
I the design of the transfer, atul tliis 
I enables the operatoi' to fix the transfer 
I in position without trouble. When 
this outline is not printed the paper 
I should }« lield up in a strong liglit to 
; enable prominent tally marks to be 
' pencilled on. In most cases the trans- 
fers are sold by the printers in slieets 
only, the numljer of separate designs 
on each varying, of course, according 
to their size. Some transfers do not 
appear transparent when held up to 
i tiie light, but are coated or backed 
i with gold or silver, which in some 
cases gives the impression tliat they 
are metal transfers. This metallic 
backing forms a protective coating to 
the design, and it also prevents the 
colour of the ground — i.e. the article 
the transfer is going on — interfering 
with or oljflcuring the colours of the 
transfer. For instance, if a transfer is 
in transparent colours and is going on a 
very dark ground, the metallic backing 
is required, while on light colourea 
IxMlies the transfer can have a white 
Ijacking ; if the transfer is going on * 
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white ground, or a very light one, the 
backing is not usually needed.* In the 
same way, when a transfer consists 
chiefly of gold, bronze, or other metallic 
material (as trade marks commonly 
arc) no backing is needed, <is the design 
of the transfer is then opjwjue. These 
points re(iuire consideration, as the 
backing makes a difference to the a)8t. 

^ well-known American firm of 
traiisfer print(ii:« issue the following 
notice: “Transfers, when just com- , 
plcted, are fresh ami delicate, and the ' 
colours at such times, not being 
thoroughly dry, are easily affected by 
the clcjining substance. The l)est pre- j 
caution is to Pike as many transfers as i 
arc needed for immediate use and place \ 
them ijctweena newsf)aj)er orcabdogue, ' 
in an o\en wliere tlie heat is aljout 
110'' F., leaving them there from 12 
to 24 hours, at which time the oil in 
the colours will Ikj thoroughly dry.” 
This is of special im|K)rtance where the ' 
designs Iiave Isjen printed in jvccordaiice 
with special re<iuirements, such as 
name tablets or cohtur designs, to suit 
special articles. Stock gotals do not 
require tliis drying jirocess. 

A good ground or foumlation is very , 
necessary for Isjst results Mth trans- ' 
fers. Witli ja{»anned work the transfer 
should not go on until after the first 
coat of clear finishing varnish is hanl, 
and, on fwinted goods, a coat of varnish 
should follow the tmnsfer if it is to lie 
jiermanent. Woodwork that is stained 
and varnished shouhl have the transfer 
put on just Ijcfore the last coat of 
varnish, wliile in certain cases, with 
all goods, the tnmsfer is put on last 
of ail, and a little ^'arnish laid over the 
transferred design only. 

Much idieapmanjueterie work which 
is supposed to lie an inlay of decorative 
woods in ornamental design, is done 
with transfers. The transfers them- 
selves are works of art and ai-e expen- 
■sive, but not nearly so costly as real 
wood inlay. They are applied when 
the iwlisliing tif the grouiulwork is 
practically finished, a ct«tt of trans- 
parent polish following the transfer. 

It is difficult to enumerate the great 


number of uses to which transfers are 
now put. Japanned ware, whether 
metal, wood or pulp, makes a great 
demand in itself ; polished wood ware, 
leather, glass (bottles are even labelled 
i with transfers), leather, celluloid and 
comjwsition goods, toys, fancy goods 
of every kind, and even such goods as 
oniamental candles and wax goods can 
1x5 decorated in tliis way. In fact, any 
surface which is hard, clean, and not 
too porous, will take transfers. It is 
not alisolutely necessaiy tliat all trans- 
fers should Ixi coated with varnish or 
French polished ; but in all cases where 
it can lie done, such treatment is ad- 
vised, as it tends to keep the transfers 
clean, prc^ents accidental scratching, 
protects gold decorations from tarnish- 
ing, and, in the case of imitation inlaid 
woihIs, tends to add depth and solidity. 
The transfers must be cut from the 
sheet with a margin of white paper 
around the design, and tally pencil 
marks should be put on the b^k, and 
corrcsfKmding marks on the article to 
Ije decorated. Place the transfer, face 
(design) upwards on a large sheet of 
{taper, then with aflat camel-hairbrush 
apply the transfer varnish in a thin 
coat. Do not have the brush heavily 
charged with the varnish, as the coat 
should be put on as near as {xissible of 
even thickness, without going over the 
stime place 2 or 3 times. Let the var- 
nisli go over the whole of the paper, 
not on the (le.sign only. When the 
wnish is “tacky” (dried to a very 
sticky state), lift the transfer carefully, 
and then, just as carefully, place it 
where it is required. Press it down 
well with a soft pad, pressing in the 
centre fimt, and working outwards 
towards the edge. If this is not done, 
one or more air bubbles may be formed, 
with bad results. Transfers with stiff 
paper l»acks may not lay well, in which 
case slightly ^mp the back with a 
sponge moistened in clean warm water, 
then press well down again to force the 
design ligainst the surface. A rubber 
roller, us useil by photogi-aphers, will, 
be necessary in the case of large designs, 
and if several transfers are being hjau- 
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died. It is essential that the transfers For affixing transfers to the japan of 

shall he in close contact with the sur- coach-l^uilders’ work, a plan sometimes 

fece in every part. Allow them to adopted is to press the transfers on to 

remain at least ^ hour, and if possible, one of the coats of varnish on the work, 

longer, as the picture then adheres before it is dry, using no other fixative. 

more firmly to the surface. When the 

transfers are thus ready for the paper 

to be removed, sponge over the paper 

hacks with warm water, and then press 

or roll the paper again. Sponge again, 

and soak with water freely until there 

is a certainty of the paper coming off 

quite easily. At a suitable moment 

this can be tried by lifting a comer. 

The paper is peeled off, starting by 
lifting a corner, and no attempt should 
be miade to slide the paper off, as is 
done with children’s toy transfers. 

With a clean damp chamois leather dab 
up the surplus moisture and allow the 
transfer to dry. When dry, any var- 
nishing or polishing that is intended 
may be done. 

If the work is hastily done it will be 
found that when the transfer has drie4 
(before varnishing or polishing) a 
whitish film will appear around the 
design. If the article is to be French 
poli^ed, this is of little consequence, 
as what may be left after sponging 
with water will usually disappear when 
wiped over with raw linseed oil before 
applying the polish. Wliere an oil 
vanush or gold size has been used as a 
fixative, and oil varnish will be em- 
ployed as a finish, the white film may 
be removed by sponging with benzene, 
or turpentine mixed with a small 
amount of water, any surplus left on 
the face of the design being afterwards 
wiped off. 

When affixing the transfers to painted 
or varnished si^aces, the fixative, i.e. 
the transfer varnish, may be made of 
agood quick -drying oil varnish, thinned 
with turpentine, so that it will become 
“ tacky in 10 to 1.^) minutes. On 
goods which are French polished, a 
spirit varnish may be us^. Where 
tnere ^ pearl or gold inlays, a trans- 
pai^ent varnish is best. The fixative 
for enacnel-^laze or for wax, is good 
quality gelatine dissolved in hot water ; 
or pale gold size may be substituted. 
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Tying and Splicing. 

(See also Netting, Rope Making, 
Wire Ropes, etc.) 

It is obvious that although the term 
tying has a simple, almost homely, 
meaning, in practice, where i)erfect 
security has to l)c obtained tying is 
immediately raised to an art. The 
examples hei'<i given represent the liest 
known knots and roiKJ fastenings and 
the methotls of making them, included 
with which are the well-known “ clove 
hitch,” and the rather famous “dia- 
mond hitch," the latter Ixiing useil 
for securing irregular shaped loads on 
pack animals. 

Tying.- The Tkwmh Jcmjt, rt, and 
.figure of S, h (Fig. 27‘2), are used to 
prevent rofies iiassing through blocks 
or slipping. To make the figure of 8 
knot, pass the end of the rope under, 
round, and over the standing part, 
then up through the bight or loop. 
The Re(f knot, c, is useful for joining 
together two ropes of equal size. With 
dry roiHJ, it is equal in strength to the 
other part. If wet, the knot will 
generally slip before the rojie breaks. 

The standing and running jiarts of 
each rof)e must pass through the loop 
in the same direction, i.e. from above 
downwards, or vice versa. If they 
pass in the opposite direction the knot 
is termed a granny, and cannot be un- 
done when tightened up with the same 
ease th»vt a reef knot can , A Draw reef 
knot, d, is made in the same manner, 
except that a bight is drawn through 
inst^ of the rope end ; it is useful 
to cast off when in an inaccessible posi- 
tion. Smjle sheet bend, e, is used for 
joining the ends of a rope, or hanging 
to a bight. Take a bight or double 
at one end, holding it in the left liand, 
and pass the end of the other rope 
hddin the right hand up through this 
bight, down on one side under and up 
over the bight, and under its own 
standing end. The Double sheet bend,f, 
in which the running end is passed 
twice round the bight and under its 


own standing end each time, is used 
where greater security is required ; g 
shows tvx) Half -hitches ; h, Rofwnd tu/m 
and hoo half -hitches ; and i, the Fisher- 
mjcn's bend. In the latter, two turns 
are taken round the spar, or other 
object, and the end is passed over the 
standing part, and through the turns 
next to the spar, over its own part 
then forming one lialf -hitch, the second 
half -hitch lieing taken round the stand- 
ing part alone. It is very useful for 
attaching ropes to rings or staples. 
Sometimes it is necessary to shorten 
a length of ro^ie quickly. This can 
be done as shown by Sheepshank, k ; 
lay the rope up in 3 parts, and a hitch 
taken over each bight, with the standing 
and running parts respectively of the 
rope, and drawn tight. To secure a 
rope to the end of a beam or spar, a 
Clm^e hitch, Iran, is used, made as fol- 
lows : — Grasp the rope with the left 
hand, back down, and right hand back 
up. Reverse each hand so as to form 
two loops, I, lap them together as atm, 
and slip tlie two loops so formed over 
the end of beam or spar. In case the 
loops cannot be slipped on to the end, 
pass the end over and round the spar, 
and bring it up to the left of the stand- 
ing part, and again round the spar, in 
the same direction, to the right of the 
first turn, and bring the end up, be- 
tween the spar, the last turn, and the 
standing part n. This is one of the 
most useful knots for making fast to 
an object ; it is very simple, and so 
effective tliat generally the rope breaks 
before slipping. , 

Tiinher hitch, o, is useful for lift- 
ing timber or dragging spars. When 
properly made, it will not slip ; it is 
easily undone when the strain is taken 
off. Pass the end round the spar, and 
round its standing part, close to the 
spar. Then twist it two or three times 
l^k round itself, and draw tight. A 
half -hitch taken with the standing part 
adds to its security. 

Bowline hiot is shown in p, r, f. 
Holding the standing part in the left 
hand, form a loop in the rope running 
end uppermost, loop towards the body v 
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pass the running end up through the 
loop, as shown at p, down under the 
standing part from right to left, back 
over the standing part, and thj-ough 
the original loop ; then draw taut the 
end and double of the loop together, r. 
A running bowline, «, can be formed 
round a spar, and tightened at any 
point. To make it, hike the coil of 
the rope in the left hand, pass the 
running end round the spar from left 
to right, and draw it back with the 
right hand as far its rec^uired ; still 
holding the end in the right hand ; 
take the standing part in the same 
hand ; pass tlie left hand under the 
standing part, and with the finger and 
thumb seize the running pjirt of the 
rope close to the spxr ; draw it under- 
neath the standing j)ari from right to 
left and up, and at that point make a 
bowline knot on it with the running 
end. The knot is then run through 
the loop. Its use is to form a loop at 
the eiui of a rope tliat will not slip, or 
tighten up. 

Oatii/HitCf t : 2 loops made on a rope 
in order to liang a tackle on. To 
make it form two equal bights or loops, 
t. Grasp a loop in eacli hand, and roll 
them on the standing [wrt li or 4 com- 
plete turns ; then hook into both loops 
A, Fig. 273. Tliis is an exceedingly 
handy methcxl of attaching a rope to 
the block ho<jk, owing to its simplicity, 
and the ready manner in which it can 
be eased off. 

Whipjiiiujf B C lb To whip a n)pe 
is to tie a piece of small twine round 
the end, to prevent the strands from 
untwining and forming loose ends. 
Ropes intended for tackles particularly 
should be whipped before the blocks 
are threailed. When treated in this 
manner ropes will easily pass through 
the block sheaves, thus })reventing 
much annoyance and waste of rope, 
it being quite a common occurrence 
with some workmen to cut a yard off 
the roi>e end because it is frayed. 
Take a piece of fine twine, 2-3 ft. long 
in proportion to the size of the rope, 
ana place it as shown in B, one end to 
the right, the other to the left, quite 


close to the rope. Wind the loop 
ah c tightly round the end of the 
rope /, and the two ends deoi the 
whipping twine, a sufficient number 
of times to secure the ends C ; then 
by drawing the two ends d e tight, 
the whipping is tightened up D. 

E represents a double BlackwaU 
hitch. It is used for securing a tackle 
to a rope. To make it, place the rope 
near its end, against the hook of the 
block at a, cross the rope at b, and 
again inside the hook at c. If seized 
with a few turns of twine at d it will 
be more secure. This method of at- 
tachment will in a great measure pre- 
vent the rope from cutting itself on 
the hook. 

Carrick bend, F. Lay the end of a 
rope or chain under its own standing 
part, as shown at G, then with another 
rope or chain c lay its end under 
both parts of the eye formed by a 6, 
and p\rallel to that part which is 
uppermost ; then bring it alternately 
over and under the parts of a 6 and 
itself. This knot is used for fastening 
the four guys to a derrick. But ite 
priueijjal use is for bending a large 
rope to a small ope. 

Dray rope knot, H I K. This is a 
useful knot for attaching hand spikes 
to drj^ by. It may also be used as a 
ladder by securing it firmly at each 
end. 

7V^c Skcet'hend or Weatfers’ kmt, A, 
Fig. 274. This knot is usually em- 
ployed by netters, and is called by 
sailors ‘ ‘ the sheet bend. ” It is readily 
made by bending one of the pieces of 
cord into a loop a h, which is to be 
heldl)etween the finger and thumb of. 
the left hand -, the other cord o is 
passed through the loop from the 
farther side, then round behind the 
two legs of the loop, and lastly under 
itself, the loose end coming out at d. 
In the smallness of its size, and the 
firmness with which the various ports 
grip together, this knot surpasses every 
other ; it can, moreover, be tied readily 
when one of the pieces a 6 is exceed^ 
ingly short ; in common stout twine, 
less tliau 1 in. is sufficient to form the 
2 n 
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loop. The above method of forming | 
it is the simplest to describe, although 
not the most rapid in practice ; as it 
may l)e made in mucli loss time by 
crossing the two ends of cord e b in B 
on tlie tin of tlie foro^iirjer of the left 
hand, and holding them hriuly by the 
left thumb, which covers the crossing ; 
then the part c is to be wound round 
the thumb in a loop, as sliown in the 
figure, and passed between the two 
ends, behind a and before h ; the knot 
is completed by turning the end h 
downwards in front of d, passing it 
through the loop c, and tightening the 
whole by pulling d. As formed in 
this mode, it is more rapidly made 
than almost any other knot ; and, as 
before stated, it excels all in security 
and compactness ; so firmly <lo the 
various turns grip each other that, 
after having been tightly pulled, it is 
very difficult to untie ; this is the only 
drawback to its usefulness, and in this 
resfwct it is inferior to the reef-knot, 
which is made in precisely the same 
manner that a shoe-string is tied, only 
pulling out the ends instead of leaving 
them as bows. 

Bind Inf} knot, CD. — This knot is 
exceedingly useful in connecting 
broken sticks, rwis, etc,, but some 
difficulty is often experienced in fas- 
tening it at the finish ; if, however, 
the string is placed over the part to 
be united, as shown in D, and the long 
end b is used to bind around the rod, 
and finally passed through the loop a, 
as shown in C, it is readily secured by 
pulling d, when the loop is drawn in, ; 
and fastens the end of the cord. 

Clove hitch, EF. — For fastening a 
cord tc any cylindrical object, one of 
the most useful knots is the clove hitch, 
which, although exceedingly simple 
and' most easily made, is one of the 
most puzzling knots to the uninitiated. 
There are several modes of forming it, 
the most simple being perliaps as fol- 
lows : — Make two looi)s, precisely 
similar in every respect as a and h in 
E, then bring b in front of a, so as to 
make both loops correspond, and pass 
them over the object to be tied, 


tightening the ends ; if this is properly 
done iJne knot will not slip although 
surrounding a tolerably smooth cylin- 
drical object, as a pillar, pole, etc. 
This knot is employ^ by surgeons in 
reducing dislocations of the last joint 
of the thumb, and by sailors in great 
part of the standing rigging. The 
loop which is formed when a cable is 
passed around a post or tree to secure 
a vessel near shore, is fa toned by 
what sailors term two half-liitches, 
wliich is simply a clove hiich made by 
the end of the rope which is passed 
around the jK)8t or tree, and then 
made to descril)e the clove hitch around 
that part of itself which is tightly 
strainefl. as in F. 

The /),am>nd hitch, Fig. 275. This 
is largely used for tying goods to be 
carried on animals’ backs. The pack 
saddles e may be of the simplest 
description, resembling small, light 
sawhucks, with side lx)ards fastened 
under the crossed pieces, to come upon 
the animal’s back. In saddling, a 
piece of blanket is first put on, then 
the saddle is girthed, or “cinched,” 
on very tightly. 

The operation of packing involves 
the use of the peculiar knot, very 
famous in its way, termed the “ dia- 
mond hitch.” By its agency the 
packs are fastened rigidly in position 
on the back and sides of the animal 
carrying them. After the animal has 
been saddled, the packs, divided into 
two even portion.s, are slung up, half 
on each side, by two packers. To the 
parts of the ^dle corresponding to 
pommel and cantle, short lines are 
; fastened. The packers hold the packs 
up against each side of the pack animal, 
and jMiHsing the ropes around the arti- 
cles from underneath, and up, over, 
and iu:ross the back, tie the ends 
: together so as to hold all in position. 

' Any small articles are piled on top, 

I and all is ready for the diamond hitok 
I To make this, a piece of 2 or 3 in. 
rope is used, about 30 ft. long. One 
i end is fastened to a short girth or 
I cinch d. To the other end of the 
' cinch is secured a large flat hfMflt) 
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generally made of wood. In th§ army 
a long leather strap, about 1 in. wide, 
is used instead of the rope. Through- 
out the whole operation the packers 
work in pairs. One stands on the 
near or left side of the animal, whom 
we shall designate as A : the other 
stands on tlie off or right side, and will 
1)6 called B. The jtacking rope and 
cinch arc taken Vjy A on the near side. 
He swings the l-wok end of the cinch 
across under the animal's belly to B, 
who catches it. Then A makes a bight 
in the [lart of the roi)c nejir the cinch, 
and tln ows it over across the top of 


loops are formed, one for each side. 
A’s loop lies under the cross line, 
while B’s loop comes outside of every- 
thing. All these operations are exe- 
cuted in a few seconds, no exact order 
being followed. The tightening pro- 
cess comes next. B begins to pull the 
roj»e bickward and upward, grasping it 
at /, putting his knee, or even foot, 
iigainst the hook for a purcliasc, while A 
hikes in the slack as fast as given him 
from B’s successive pulls, grasping and 
pulling the rope at g. "When no 
more citn be gamed, and the poor brute 
is compressed as much as possible, A 
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the pack to B, who inserts it in the ; |)a.s8es the looj) on his side tightly 
hook. Thus two leads of the rope run i around and partly underneath his half 
over the top of the {)ack transversely. ! of the jiack. Then B, grasping the 
A then turns a half-hitch with a rope at A, i)ulls diagonally backward 
lai^e loop in the next succeeding ])art \ and outward. This l)egin8 to “spread 
of the ro[)e, and passes the free end to the diamond." He next puts liis loop 
B. This end B pusses over the second ; in position, when A, taking hold of the 
and under the first lead of the rope free end of the rppe, pulls it diagonally 
lying across the packs, and as near the ' forward and outward, over the withers 
centre as may be. The state of things i of the horse. This completes the 
at this point is shown in a, Fig. 27.'>. I spreading of the diamond, and it will 
The left-hand part of the Iialf- hitch ■ be at once seen that this separation of 
is passed under the cross-rope by A, the two leads of the rope tightens it 
while the free end of the rope is passed ; with enormous power. After A has 
as described byB. h shows this phase given the final pull, he ties the free 
of •the operation. In this way two ’ end of the rope wherever convenient, 


406 


Tyiko and Splicing : Fish-hooks. 


thus completing all. The final result 
is shown in c. The last two pulls con- 
solidating the pack nearly double up 
the poor animal. The cinch, often 
cruelly narrow, is drawn up into his 
belly until the profile forms a double 
curve, his body being violently squeezed 
upwai^. After packing, the poor 
b^t will sometimes go off, as it were, 
on tiptoes, trying to relieve liirnself by 
motion. To untie the hitch, the end 
of the line is untied and cut loose, and | 
withdrawn from under the cross lead ! 
of the rojKJ. Then the whole being 
slackened, the bight is withdrawn from 
the hook, and the rope comes off with- 
out a knot. If a knot is formed, it is 
a sign that a mistake lias been made in 
the tying. 

The tightness of the “lacing” to 
which the animals arc subjected has an 
element of mercy in it, because, if the 
^dle shifts about, a sore back in- 
evitably results. 

For roping large, irregular bundles, 
the diamond liitch is well adapte<l, and 
its power in such cases is surprising. 
A simple loop tied on the end of the 
rope is made to serve instead of the 
cinch loop. (‘Scient. Amer.’) 

Tyinj Fuh-hooh . — The majority 
of hooks used for sea-fisliing have flat- 
tened he.ids or ends, not eyes, and the 
twine snood is tied to them by two 
half-hitches as Figs. 276 and 277. The 
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first fi^re shows how the twine has to 
be twisted by the fingei*into two loops, 
with the ends passing as shown. The 
head of the hook is passed straight 
tboough the two loops, which are tlien 
drawn td^t on it as the second figure 
shows. The two ends are then twisted 
together to form the snood, which 
^ should be a htUe over a foot long. 


Tyiitg^ Gut to Eyed Fish-hooks . — 
First pass the end of the gut through 
the eye of the hook, take the gut round 
the shank, then return it tlirough the 
eye (if the eye is large enough, if not 
piws it under the eye) and lastly tie a 
simple thumb knot around about the 
eye tw tlie sketch (Fig. 278) shows. 
A safer tie can be effected as Fig. 279, 



the chief difference being the double of 
repeated knot above the eye. The 
chief advantage of this is that the end 
of the gut can be cut off fairly close, 
i whereas with Fig, 278 the end has to 
j be left longer to avoid the jxissibility 
; of its drawing out. Gut must be 
1 put in warm water (or in the mouth) 

' a little time before tying. 

' Tyiwja Pared, GH (Fig. 274). — The 

tying up of jiarcels in jjaper is an opera- 
j tiou which is seldom neatly performed 
I by persons whose occupations have not 
given them great facilities for constant 
practice. Let a single knot be made 
in the end of the cord, which is then 
passed around the bt'x or f>arcel. Thia 
knotted end is now tied by a single 
hitch around the middle of the cord G, 
and the whole is pulled tight. The 
cord itself is then carried at right 
angles round the cud of the pam, 
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and where it crosses the transverse cord 
on the bottom of the box H it should, 
if the parcel is heavy and requires to 
be firmly secured, be passed over the 
cross cord, then back underneath it, 
and pulled tightly, then over itself; 
lastly, under the cross'cord, and on 
around the other end of the box. 
When it reaches the top, it must be 
secured by passing it under that part 
of the cord whid^^runs lengthways in 
a G, pulling it very tight, and fasten- j 
ing it by two half-hitches round itself. I 
The gi-eat cause f)f ^vircels becoming , 
IfHJse is the fact of the cord lieing often 
fastened to one«)f the transverse fiarts j 
as 6 in G, instead of the piece running ; 
lengthways, and in this case it in- ■ 
variably becomes loose. The descrip- ' 
tion may perha^w be rendered clearer i 
by the aid of the figures, which exliibit i 
the top and bottom of a box corded as 
described. The conls, however, are 
shown in a loose state, to allow their 
arrangement to be i)erceived more 
easily. 

Splicing. Short spliciiuf, IK (Fig. 
274). — There arc two ways of making a 
short splice— one bypassing thestrands 
left-handed, and the other by passing 
them right-handed. But the former 
method is the more generally adoptetl, 
because of its neat appearance. Unlay 
the strands of each rope about 1 ft. or j 
more, then crutch them together — that , 
is, lay them so that each strand lies in 
a groove of the rope. Afterwards fwas 
a strand of one roiw (jver a strand of the 
other, as shown in I, front view, where 
No. 4 is passed over No. 1, so as to 
form a common knot. In a like man- 
ner pass No. .5 over No. 3, and No. 6 
over No. 2. Draw these strands tight, 
and proceed as follows : — Take strand 
No. 6, K, Iwck view, and after reducing i 
the yams by cutting a few out of the { 
inside, pass it over No. 2 ; continue 
doing 80 until it is worked out. It 
will be seen, by reference to K, that 
No. dig pasB^ tluree times over No. 2, 
but the third time it is merely pushed 
* through and not drawn tight. Strands 
Nos. 4 and 2 are in a* similar position. 
All the oorresponding Nos. represent 


the same strand, so No. 4 will pass 
over the same strand (No. l)till worked 
out ; No. 1 over No. 4, and No. 2 
over No. 6. No. 6 which is shown 
loose, passes over No. 3. In passing 
the strands be careful to reduce the 
yams each time after the first, and 
spread them out so tliat they will lie 
flat, and also see that all the yarns lie 
parallel. 

SpUciiu) Wire Rope, L M N (Fig. 
274). — ^The increasing use of endless 
wire rope for underground haulage, 
elevated wire ropeways, and for hoist- 
ing, gives importance to methods of 
splicing. 

About 24 ft.* of rope is required to 
put in a gootl smooth long splice. The 
wire ropes employed in ropeways are 
made of 6 strands of 7 wires each, and 
a core or heart ; as there are two rope 
ends to splice together, there will con- 
setiuently be 12 strands to be tucked 
in. Operators usually tie the stops 
that mark the length of rope, about 
where the centre of the splice will be. 
In this case the usual way is to unlay 
each rope up to that |)oint,and place the 
strands of ropea l>etween the strands of 
rope b, the cores or hearts of the ropes a 
and b being cut oft’ so that the cores of 
the ropes abut against each other. 
There will be then 12 ft. of strands 
each side of the stop (see L, Fig. 274). 

It is important that each strand 
should be in its proper place, so that 
none of them crosses other sti^ds, or 
that two strands be not where one 
strand should be (by placing your 
fingers between each other in natural 
position this will be understood). Then 
strand No. 1 of rope a is unlaid, and 
strand No. 1 of rope b follows close, 
and is laid snugly and tightly without 
kink or bend in its place, until within 
7 ft. of the end ; a temporary seizing 
is then put oi\, securing ropes and 
strands at this point. Strand No. 1 
of rope a is then cut off, leaving it 7 
ft. long. Then strand No. 2 o| rope 

• The length is controlled by tlie thickness, 
shout 40 times the circumference le desirable, 
thus with a ain. rope, 2 X 3 X 40 = MO in. oT 
30 ft. 
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a is unlaid, and strand 2 of rope h is 
laid in its place to within 21 ft. of its 
end. Strand No. 3 of rope a is unlaid, 
and strand No. 3 of rope b is laid in 
its place to witliin 35 ft. of end. By 
this time you have reached within 7 
ft. of the centre, and, reversing the 
operation, unlay strand No. 4 of rope 
6, and lay in its place strand No. 4 of 
rojDe a, to within 7 ft. of its end ; 
unlay No. .5 of rope h, and lay in No. 5 
of rope rt, to within 21 ft. of its end ; 
finally, unlay No. fi of rope h, and lay 
in its place No. tl of rope o, to within 
35 ft. of its end. The strands are now 
all kid in their places and seized down 
for the time being, the ends are cut 
off, as with the first stnuid, to 7 ft. 
long, and prespnt the appearance as 
in M. 

The next operation is to tuck in the 
ends, and we will proceed to tuck in 
61. It will be remembered that the 
ropas are rmule of 6 strands, kid around 
a core or heart, usually of hemp, of the 
same size. Two clamps N made for 
this purpose are fastened on the roixj 
so as to enable the o|)erator to untwist 
the rope sufficiently to open the strands 
and permit the core to be taken out, 
which is cut away, leaving a space in 
the centre of tiie ro)»e ; the strand 6 1 
is jdaced across a 1, and put in the 
centre of the rope in place of the ex- 
tracted core, forming, in fact, a new 
core. A flat-nosed T-sliaped needle 
used in sffliciiig, the pt»int of which 
is about ^ in. wide by in. thick, 
rounded off to an edge, is well mlapted 
to this pur})ose. The strand 6 1 is 
kid in its entire length, the core lieing 
cut off exactly at the extremity of 
strand 6 1, so that when the rope is 
enclosed ar(jund the inserted strand, 
the ends of the strand and core should 
abut. If there is much space left in 
the centre of the rope* without a core, 
the rope is liable to lose its j)rof )er form, 
and some of the strands fall injexjxjsiiig 
the fwajecting strands to undue wear. 
The same operation is fxjrforraed with 
a 1, running the other way of the rope, 
and m on, until all the strands are 
tucked in, which, if properly done, 


will leave the rope as true and round 
and as strong as any other part. 

Some operators prefer to start from 
the end of one rope and consequent 
end of splice. The operation is about 
the same, but more care has to be used 
in bringing all the strands to an even 
tension in the ])arts spliced. 

The long splice just descriljed ensures 
uniform (liaineter and no reduction in 
.strength. Hemp and wire ropc.s are 
spliced in the siiine wfy, but with wire 
the s[)lice has always to lie of thfe 
grater length owing to the less friction 
and liolding jx>w’erl>etw'cen thestrands. 
A short splice is not ,so strong aiul 
makes a bulge where it t)ccurs. A 
short splice in wire rojsi can Ikj made 
commencing iis Fig. 2S0. Here the 
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straiuk, after lieing opened out for 
alxmt 9 in. to 12 in. (according to the 
size of the rojxj), are placed together 
in alternate positions, this being called 
‘ ‘ marrying ’ ’ the ends . The operation 
is then to pass each strand over and 
under tlie next strands, some three 
to six times in succession. The strands 
an; interlaced once before the rope is 
pulled taut, after which the iiiterlacing 
is done by ofHining lietween the strands 
with a metal marliuspike, using greaw 
if necessary. When the interlacing » 
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completed, pull the rope as taut as 
possible, then roll the splice Ifctween 
boards to reduce its diameter as much 
as possible. It is not easy work for 
an amateur, and reiiuires considerable 
care and jiractice. Before cutting or 
finally tucking in the ends, the rojje 
should l->e stretc;hed on a winch, a 
mallet and block being used freely. 

When a splice has to Ije nuule that 
mu.st yviss tbr<mgh a pulley block, 
a.ssumiug the rofic has six siraiuls, 
unwind lliree alternate strands on eaph 
end and cut all other strands oft*. 
But the cut ends together and work 
in the loose sttands in opjiosite rope, 
under one strand, over the next and 
l>ack again until reaching the end of 
the strand, which is pointed and beaten 
home into the body of the rojie. 

(For detiuls of tools and methods 
used in spliciiig kiliudo rope set WruE 
Hopes). 


Valve-Grinding. 

The throttles upon all steam macliines 
generally ret|uire grinding at regular 
intervals, and a few words as to the 
proper method of performing tins 
apparently simple operation may not 
Ixi out of place. The writer has been 
in repair sliops and seen supposedly 
comjxitcnt men grinding popiiet- valves, 
whether for stciiin throttle or for gaso- 
line inlet or exliaust, holding one part 
in a chuck in the lathe and the other 
part in the hand, and running the 
lathe at a rapid rate, feeding the 
grinding material around the joint to 
be ground and bringing pressure ui)on 
the jMirts by the hand. This is de- 
cidedly the wrong way to accomplish 
the desired end— viz. a perfectly 
straight , true surface at the valve seat 
entirely free from rings. 

These rings or grooves once started 
u|>on the seat and vah e-surface of any 
form of popjiet-valvc, it is almost im- 
possible to ettace them by subseiiuent 
grinding, no matter however carefully 
done, and the only remedy would con- 
sist in machining the surfaces down 
to true again, putting the valve into 
the lathe and turning up a new surface 
and using a s|)ecial angular milling 
cutter oi reamer foi* the setvt. If a 
due amount of care is exercised in the 
grinding, these expedients will never 
liecouie necessjiry ; and in grinding 
such valves the surfaces should be 
smeared with uuu;hine-oil and emery, 
using alK)ut "No. 90 to begin with for 
most work, and finishing with flour 
of emery. The greatest care should 
lie taken tliat none of the emery fall 
upon other working surfaces, and that 
none remains in the valve-chamber after 
the opemtion. • 

In the case of a steam throttle, one 
piece should be held in a vice and the 
otlier part turned by the fingers or a 
screweiriver, with the application of 
only moderate pressure, as too heavy 
pressure will be apt to produce the 
grooves above referred to. The parts 
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should be turned first in one direction, 
then in the other, turning in one di- 
rection a little farther than in the 
other each time, so that the valve is 
continually revolving over all portions 
of the seat. As soon as the grinding 
material has ceased to cut — wliich can 
be felt and heard— the old material 
should be wiped ofl* and replaced by 
fresh. In the case of a steam throttle, 
where both surfaces are of brass, it is 
i good plan to finish with grindstone 
^rit. The ground surfaces should not 
be shiny when finished, but should 
liave a dull, frosty appearance, and 
both valve and seat should show a 
uniform cliaracter of surface all the 
way round. (‘ The Horseless Age.') 


Varnishes and 
Varnishing. 

(See also Japaxnino, Lacquers and 

Lacquering, Painting, Polishes 

AND Polishing, Waterproofing, 

ETC.) 

Properties. — Varnish is a solution 
of a resinous substance in oil, tur jien- 
tine or alcohol. The oil dries and the 
I other two solvents evaporate, in either 
j case lejiving a solid transjxirent film of 
resin over the surftu;e v»irnishetL In 
estimating the (juality of a varnish the 
following jK)ints must be considered : 
(1) Quickness in drying; (2) hardness of 
film or coating ; (:i) toughness of film ; 
(4) amount of gloss ; (.^)) {)ermanence 
of gloss of film ; (6) durability on ex- 
posure to weather. The quality of a 
varnish depends almost entirely upon 
that of its ingredients ; much skill is, 
however, required in mixing and boil- 
ing the ingredients together. VamiBh 
is used to give brilliancy to painted 
surfaces, and to protect them from the 
action of the atmosphere or from slight 
friction. It is often applied to plain 
unpainted wood surfaces in the roofs, 
joinery and fittings of houses, and to 
intensify and brighten the oniamental 
appearance of the grain. Also to 
painted and papered walls. In the 
fonner case it is sometimes “ flatted 
so as to give a dead appearance, similar 
to that of a flatted coat of paint. 

Materials — Gums are exudations 
from trees. At first they are gene- 
rally mixed with some essential oil ; 
they are then soft and viscous, and 
are known as balsams ; the oil eva- 
porates and leaves the resin, which is 
solid and brittle. Resins are often 
called “gums ”in practice, but a gum, 
properly speaking, is soluble in water, 
and therefore unfit for varnishes, while 
resins dissolve only in spirits or oil. 
Gum-resins are natural mixturei of 
gum with resin, and sometimes with 
essential oil, found in the milky juices 
of plants. When rubbed with 
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water, the gum is dissolved, and the 
oil and the resin remain suspended. 

The quality of the resin greatly in- 
fluences that of the varnish. The 
softer varieties dissolve more readily 
than others, but are not so hard, tough 
or durable. roam or co/o- j 

phony is either brown or wliite ; the ! 
brown variety is obtained by distilling i 
the turpentine of spruce fir in water ; j 
the white is dis^lled from Bordeaux 
turpentine. The ])rincipal resins used 
in good work are as follows : — , 

Anther, obtained chieHy from Prus- 
sia, is a light yellow transpircnt ku1>- 
stance found kitween beds of wood 
coal, or after storms on the coast of 
the Baltic ; is the hardest and most 
durable of the gums, keeps its colour 
well, and is tough, but difficult to dis- 
solve, costly, and slow in drying. 
Onm anind is imj)orted from the East 
Indies ; is nearly as insoluble, hard 
and durable as amber, but not so 
tough ; makes a varnish quick in dry- 
ing, but apt to crack, and the colour 
deepens by exposure. Copul is im- 
ported from the East and West Indies 
and America, etc., in three qualities, 
according to colour, the {Wilest being 
kept for the highest class of varnish ; 
these become light by exix)sure. A!<u- 
tic is a resinous gum from the Mediter- 
ranean ; it is soft, and works easily. 
Ovm danmiar is extracted from the 
Kauri pine of New Zealand, and 
comes also from India ; makes a softer 
varnish than mastic, and the tint is 
nearly colourless. Gum elend comes 
from the West Indies and somewhat I 
resembles copal. Imc is a resinous i 
substance which exudes from several ! 
trees found in the East Indies ; more | 
soluble than the gums above men- 
tioned ; stick lac consists of the twigs 
covered with the gum ; seed lac is the 
insoluble portion left after pounding 
digesting stick lac ; when seed lac 
is melted, strained and compress^ 
into sheets, it becomes shell lac ; of 
these three varieties shell lac is the 
softest, palest and purest, and it is 
therefore used for making lacquers. 
Stmdaraok is a substance said to exude j 


from the juniper tree ; resembles lac, 
but is softer, less brilliant and lighter 
in colour, and is used for pale varnish. 
Dnujori's blood is a resinous substance' 
imp()rted from various places in 
dark brown-red lumps, in bright red 
powder, and in other forms ; used 
chiefly for colouring vaniislies and 
lacquers. 

Sol mils must be suited to the de- 
scription of gum they are to dissolve. 
Boiling linseed-oil (and sometimes 
other oils, such as rosemary) is used 
to ilissolve amber, gum aninii or copal. 

I Turj[)entine for mastic, damuuu* and 
! common resin. Methylated spirits of 
i wine for hic and sandarach. Wood 
i naphtha is fretiuently used for cheap 
j varnishes ; it dissolves the resin more 
readily than ordinary spirits of wine, 
but the varnish is less brilliant, and 
the smell of the naphtha is very offen- 
sive, therefore it is never employed for 
the Ijest work. 

IlrierH are generally added to varnish 
in the form of litharge, sugar of lead, 
or wliite copperas. Sugar of lead not 
only liardcns but combines with the 
varnish. A large proportion of driers 
injures the durability of the varnish, 
though it causes it to dry more 
quickly. 

Linsf.kd OiL.—The choice of linseed 
oil is of peculiar consetiuence to the 
varnish maker, as upon its quality, to 
a great extent, depend the b^ut)r 
and durability of the varnish. Oil 
expressed from green unripe seeds 
always abounds with watery, acidulous 
particles. The quality of oil may be 
determined in the following manner. 
Fill a pliial with oil, and hold it up to 
the light ; if bad, it will appear opaque, 
turbid, and thick ; its taste is acid and 
I bitter upon the tongue, and it smells 
rancid and strong : this ought to be 
rejected. Oil Irom fine full-grown 
ripe seed, when viewed in a phial, 
will appear limpid, pale, and brilliant ; 
it is melluw^ and sweet to the taste, 
has very little smell, is specifically 
lighter than impure oil, and when 
boiled or clarifi^ dries (]|uickly and- 
firmly, aud does not materially change 
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the colour of the varnish when made, 
but appears limpid and brilliant. 

BMirvg Limeed Oil . — Procure a 
copper pan, Fig. 281, made like a 
common wasliing copper, set it upon 
the boiling furnace, and fill up 
with linse<^ oil within .5 in. of the 
brim. Kindle a fire in the furnace 
underneath, and manage the fire so 



Fig. 281 . 

that the oil shall gradually but slowly 
increase in heat for the first two hours ; 
then increase the heat to a gentle 
simmer, and if there is any scum on 
the surface, skim it off with a copper 
ladle, and j)ut the skimmings away. 
Let the oil boil gently for three hours 
longei, then introduce, by a little at 
a time, a quarter of an ounce of the , 
best calcined magnesia for every gallon 
of oil, occasionally stirring the oil from ' 
the bottom. When tlie magnesia is all 
in, let the oil boil rather smartly for 
one hour ; it will then be sufficient. 
Lay a cover over the oil to keep out 
the dust while the fire is drawn and 
extinguished by water ; then uncover 
the oil, and leave it till next morning ; 
and then, while it is yet hot, ladle it 
into the carrying jack, or let it out 
thi-ough the pijje and cock ; carry it 
away, and deposit it in eitlier a tin or 
leaden cistern, for wood vessels will 
not hold it ; let it remain to settle for 
at least three months.. The magnesia 
will absorb all the acid and mucilage 
from the oil, and fall to the bottom of 
the cistern, leaving the oil clear, 
transparent, and fit for use. Recollect, 
when the oil is taken out, not to dis- 
turb the bottoms, which are only fit 
for black paint. ' 


Spirits of Turpentine. — That 
which * used for mixing varnish ought 
to be procured and chosen as pure, 
strong and free from acid as possible. 
Some tur|)eutine being drawn from 
green trees abounds with a pyroligne- 
ous acid, which rises and comes over 
with the spirit in di.stillatiou ; it iS' 
strong and bitter to the taste, and 
apfKjars milky, particularly towards 
the bottom, after sti^nding to settle. 
Therefore, the longer turjHJiitine is 
kent before it i.s used, the purer it 
will be. 

Choosing Gums and Spirits. — In 
purcliasing gum, examine it, and see 
tliat it consists, for the most part, of 
clear transjmrent lumps, without a 
mixture of dirt ; select the clearest 
and lightest pieces for the most parti- 
cular kind.s of varnish, reser\’ing the 
others, when separated from extrane- 
ous matter, for the coarser varnishes. 
In choosing spirits of wine, the most 
.simple test is to pour a small quantity 
into a cup, set it on fire, and dip a 
finger into the blazing liquid ; if it 
burns quickly out, without burning 
the finger, it is good ; but if it is long 
in burning, and leaves any dampness 
remaining on the finger, it is mixed 
with inferior spirit ; it may be also 
compared with other spirit, by com- 
paring the weight of equal quantities, 
the lightest is the Ijest. The g(K)dne88 
of spirits of turpentine may be likewise 
ascertained by weighing it, and by 
noticing the degree of inflammability 
it possesses ; the most inflammable is 
the best ; and a person much in the 
habit of using it will tell by the smell 
its good or bad qualities ; for good 
turjKjntine has a pungent smell, the 
bad a very disagreeable one, and not 
so powerful. 

Kinds of Varnish. — Varnishes 
are classified as oil varnish, turpentine 
varnish, spirit varnish, or water var- 
nish, according to the solvent used. 
They are generally called by the name 
of the gum dissolved in them. 

Oil varnishes, made from the hardest 
gums (amber, gum animi, and copal) 
dissolved in oil, require some time to 
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dry, but are the hardest and most i 
durable of all varnishes ; are Ijjecially 
adapted for work exposed to the 
weather, and for such as re^juires 
polishing or fre(iuent cleaning ; arc 
used for coaches, japan work, for the 
best joinery and ftttings of houses, and 
for all outside work. Turpentine vnr- 
nishcK are also made from soft gums 
(mastic, dammar, common rosin) dis- 
solved in the ^st tuqientine ; are 
chea])er, more flexible, dry m«)re 
• juickly, and are lighter in colour t^lan 
oil varnishes, but are not so tough or 
durable. Sjririt varnishes or hieciuers 
are made witk softer gums (hic and 
sandarach) dissolved in sjiirits of wine 
or pyroligneous spirit ; dry more 
quickly, and become harder and more 
brilliant than turpentine varnishes, 
but are apt to crack and scale off, and 
are used for cabinet and other work 
not exposed to the weather. Water 
varnishes consist of lac dissolved in 
hot water, mixed with just so much 
ammonia, borax, potash, or soda, as 
will dissolve the lac ; the solution 
makes a varnish which will just l)ear 
washing ; the alkalies darken the 
colour of the lac. 

In preparing oil varnishes the gum 
must first be melted alone till it is 
quite fluid, and then the clarified oil 
is poured in very slowly . The mixture 
must be kept over a strong fire until a 
drop pinched between the finger and 
thumb, will, on separating them, draw 
out into filaments. The pot is then 
put upon a bed of hot ashes and left 
lor If) or 20 minutes, after which the 
turpentine is poured in, being care- 
fully stirred near the surface. The 
mixture is finally strained into jars and 
left to settle. Copal varnishes should 
be made at least 3 months before use ; 
the longer they are kept the l)etter 
they bwome. When it is necessary 
to use the varnishes before they are of 
sufficient age, they should be left 
thicker than usual. The more thor- 
oughly the gum is fused, the stronger 
the varnish and the greater the quan- 
tity. The longer and more regular 
the boiling, the more fluid the varnish. 


If brought to the stringy state too 
quickly, more turpentine will be re- 
quired, which makes the varnish less * 
(lurable. 

fipirit and Turpentine Varnishes . — 
Here the operation simply consists in 
stirring or otherwise agitating the 
resins and solvent together. The 
agitation must l)e continued till the 
resin is all dissolved, or it v ill aggluti- 
nate into lumps. Heat is not neces- 
sary, but is sometimes used to hasten 
the solution of the resin. The varnish 
is allowed to settle, and is then strained 
through muslin. In many cases the 
resin, such as mastic, dammar or com- 
mon resin, is simply mixed with tur- 
pentine alone, cold or with slight heat. 
Care must in such cases be taken to 
exclude all oil. 

!<pirit varnishes give the most bril- 
liant and hard coats, but are not so 
ela.>tic as Oil VARNiSHES, and are not 
durable for outside work or surfaces 
liable to damp or heat. With an oil 
varnish the oil forms a part of the 
I dried coat with the resin or gum, while 
I the turpentine, which first acts as a 
, solvent and gives fluidity, is a volatile 
I material that dries out. 

I In choosing resins see that they are 
I a light colour, also see that they will 
' fuse at a temperature that will not 
; darken their colour. The oil, too, 
must be as light as possible and have 
; good drying qualities. No varnish, 

' however well made, has a long life if 
' it is exposed. Using the best gum 
; copal, it may be considered that 18 
i montlip is as long as it will last for 
! outdoor or exposed work. With poor 
I resins or gums 6 months may be as 
. long as the varnish will last under 
trying conditions. The turpentine 
must be of the best quality, but the 
American make, though usu^y speci- 
fied, is not essential. 

Manufacturing Processes.*- 

The processes adopted in making are 
usually as follows : A copper boUer is 

r of a capacity 16 times as great as 
resin that will be used. The 
resin is melted about 2 lb. at the 
time ; not more or it may disoolour. 
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When it is nearly fluid, as can be 
judged by puffs of steam rising, it is 
stirred with an iron stirrer, and when 
it will run off the stirrer in drops it is 
fluid enough. To make sure that all 
water (steam) is out, let it boil a 
minute or two. While this has been 
taking place the oil should have been 
brought to the boil. The two are 
then mixed, the oil being poured on to 
the resin, still heating and stirring to 
thoroughly incorporate the two. Keep 
up the heat until a drop of the mixture 
dropped on to glass gives a strong 
film of clear varnish. Care must 
be taken, however, that the heat 
does not fire the mixture. Before 
the heating is finished, the varnish 
should be capable of being drawn into 
tough tlireads. The more oil there is 
the longer the heating must be main- 
tained. The last thing is to add the 
turpentine. The mixture must first be 
cooled down considerably and must be 
away from the fire (or the fire extin- 
guished). Warm the turps and add 
about an eighth part slowly. Then add 
still 1^ quantities as slowly as possible. 
Only experience will tell exactly the best 
temperature at which to mix in the tur- 
pentine. If too low the mixing is not 
perfect, while if too high some of the 
turps is lost by evaporation. As the 
turps is added test the mixture. 
Put a little to cool on glass, and if it 
thickens rapidly more turps can be 
added. The last operation is to filter 
the varnish through fine net or loosely 
woven cotton, and then it should be 
put to settle in a partially darkened 
warm room for two or three weeks. 
To thin varnish that is too thick, take 
a little of the varnish and add turpen- 
tine to this and thoroughly well mix ; 
this is then added to the body of the 
varnish. Should varnish be too thin, 
a little heat will quiokly drive off* the 
excess of turpentine. 

Making Varnish on a Small 
SOALX. — First procure a gum-pot, 
Fm. 281, or smaller, if required ; then 
a three-footed iron trevet with a cir- 
cular top, the feet 16 in. in length, 
and made to stftZKl wider at the bottom 


than at the top, which is to l>e made 
so tha*L the jjot will easily fit into it. 
Place the trevet in a hollow in a yard, 
garden, or outhouse, where there can 
be no danger from fire ; raise a tem- 
porary fire-j)lace round the trevet with 
loose bricks, after the same manner 
that plumbers make their furnaces ; 
then make up a good fire with either 
coke, coal, or wood-charcoal, which is 
far preferable ; let ^he fire burn to a 
good strong heat, set on the gum-pot 
wjth 3 lb. gum copal ; observe, that if 
the fire surround the gum pot any 
higher inside than the gum, it is in 
great danger of taking* fire. As soon 
as the gum begins to fuse and steam, 
stir it with the copper stirrer, and kee'p 
j cutting and stirring the gum to assist 
I its fusion ; if it feels lumpy and not 
i fluid, and rises to the middle of the 
, pot, lift it from the fire and set it on 
I the ash-bed, and keep stirring until it 
! goes down (meantime let the fire be 
, kept briskly up) ; then set on the gum 
I pot again, and keep stirring until the 
I gum appears fluid like oil, which is to 
I be known by lifting up the stirrer so 
far as to see the blade. Observe, that 
i if the gum does not appear quite fluid 
I as oil, carry it out whenever it rises to 
the middle of the jwt, and stir it down 
i again, keeping up a brisk fire ; put on 
1 the pot, and keep stirring until the 
i gum rises above the blade of the stirrer. 

I Then the copper pouring jack is charged 
: with boiled oil, and held over the edge 
1 of the gum-pot ; when the gum rises 
j within 6 in. of the pot-mouth, the 
I assistant is to pour in the oil very 
slowly until towards the last, the 
maker stirring during the pouring. 
If the fire at this time is strong and 
regular, in about eight or ten minutes 
the gum and oil will concentrate and 
become quite clear ; this is to be tested 
by taking a piece of glass and drcfiping 
a portion of the varnish on it ; if it 
appears clear and transparent, the cH 
and gum are become concentrated or 
joined together. It is now to be^ 
further boiled until it will stripg be< 
tween the finger and thumb ; wis is 
known by once every minute dropfiing 
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a portion on the glass, and taking a 
little between the forefinger* and 
thumb ; pinch it first, then extend 
wide the finger and thumb ; if it is 
l)oiled enough, it will stick strong and 
string out into fine filaments, like 
birdlime ; but when not boiled enough 
it is soft, thick and greasy, without 
being stringy. It is a safe plan to 
have ready a thick piece of carpet 
large enoujGfh to cover tlic mouth of 
the boiling p<?^ should it catch fire 
during the i)ouring. The moment it 1 
is boiled enough, carry it from the fire 
to the ash-bed, where let it remain 
from fifteen *to twenty minutes, or i 
until it is cold enougli to l)e mixed ; | 
have at hand a sufficient quantity of 
oil of turpentine to fill the pouring pot, 
Ijegin an(l }»our out with a small stream, 
gradually increasing, and if the varnish 
rises rapidly in the pot, keep stirring 
it constantly at the surface with the 
stirrer to break tlie bubbles, taking 
care not to let the stirrer touch the 
Ixjttom of the pot, for if it should, the 
oil of turpentine would be in part con- 
verted into vajtour, and the vaniish 
would run over the pot in a moment ; 
therefore, during the mixing, keep con- 
stantly stirring as well as pouring in 
at the same time. Have also a copper 
ladle at hand, and if it should so far 
rise as to be unmanageable, let the 
assistant take the ladle and cool it i 
down with it, lifting up one ladleful 
after another, and letting it fall into 
the pot. As soon as the varnish is 
mixed, put the varnish sieve in the 
copper funnel placed in the carrying 
tin, and stnviii the varnish immedi- 
ately ; empty it into open-mouthed 
jars, tins, or cisterns ; there let it 
remain to settle, and the longer it 
remains the better it will become. 
Recollect, when it is taken out, not 
to disturb or raise up the bottoms. 

Plant for Manufacture.— 
bwldinff in which varnish is made 
ought to be quite detached from any 
otW building whatever, and liave a 
door-way in the centre with foldii^ 
doors made to lift off the hinges. Let 
the roof of the building slope to the 


front ; fix also in each end wall a frame 
and door made to lift off the hinges, so 
that, when necessary, there may be » 
free draught tlirough the premises. 
Let three skylights & made and fixed 
in the roof, not directly over the fur- 
naces, but on one side, so as to throw 
%ht on the furnaces. The skylights 
and flaps must l)e well secured by lead 
flushings, to prevent wet getting in, 
w'hich might be attended with serious 
consequences. In the left-liand comer 
against the liack wall, dig out a foun- 
dation and fix over a furnace the get 
pot, used for Iwiling oil, gold size, 
japaq, and Bmnswick black. Dig out 
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a foundation facing the front door 
against the back wall for the boiling 
furnace. Fig. 282 ; against the back 



Fra. 


wall, in the right-hand comer, dig out 
a foundation for the gum furnace, 
Figs. 284 and 285 this and aU the other 
furnaces require to have slow fires 
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kept in them for a day, in order to 
dry them slowly, and prevent their 
cracking. Fig. 283, the top plate, is 
of cast iroi'. 

Gum jjoi. Procure a copper gum 
pot to fit into the last furnace. Fig. 284. 
The bottom a, Fig. 281, is hammered 
out of a solid block of copper, and 
fashioned, all of one piece, exactly like 
a hat without the brim. The uinier 



part of the pot h, is made of sheet 
copper, of a cylindrical form, 10 inches 
diameter at the top, <ind 2 feet 2 inches 
high, about f inch thick ; the lower | 
ptttt of the cylinder is then riveted to 
the bottom with copper rivets, the 
heads of which arc inside, and project 
through the lappings of the copper, 
flattened on both sides. Previous to 
riveting on the bottom, a flange of 
copper, of about f inch in thickness, 
is fixed on to the bottom part, under 
the large rivets: it is fixed horizontally 
round the pot. Algo previous to 
riveting on the bottom, put on the 
iron hoop d, lA inches in breadth, to 
which is welded an iron handle, made 
1 inchbroed by 1 inch thick, gradually 
increaring to 2 inches in breath but 
deci*easing in thickness. The length 
from pot to hahdle end, 2 feet 8 inches. 


BoUiug Pot- Procure a copper pot 
' f to fit <furnace, Fig. 285, the 1x>ttom 
' to be beaten out of the solid, as the gum 
pot, and of the following dimensions : 
Diameter across the lK)ttom outside, 
20 in. ; licight of iKittom, 7 in. ; the 
cylindrical or U»dy |JiU t of the ]K)t, to 
be 2 ft. 10 in. in depth, and joined to 
the liottom pfirt with strong copper 
rivets, miwle to j)roject through at 



least three-quarters of an inch, and to 
be well liamrnered inside and out ; for, 
as there is no flange, the rivets must be 
large and strong to support the weight 
of the pot and its contents while boiling 
on the furnace plate. It ought to fit 
the plate neatly, yet so easy as to lift 
off freely. Seven inches below the 
mouth of the pot fix on two strong 
iron liandles, one on each side, riveted 
through each end with two strong 
rivets ; the space for the liands to be 

7 in., and 1| in. in diameter, and to 
project 4 in. from the pot sides. 

Small Tools . — In addition to the 
furnaces the varnish manufacturer re* 
quires two copper ladles, made to hold 
two quarts each, with turned hardwood 
liandles. Two good ladles for the 
iron set pot, made of sheet copper or 
sheet iron, with ash handles. For a 
pot of 40 gal., or upwards, the ladle to 
hold 3 qt. Two copper stirrers, 
Fig. 286, made from three-quarter dia- 
meter copper rods 3^ ft. long, beaten 
flat at the one end to lj[ in. breadth, 

8 in. up the rod ; to be finished with 
ferruled handles 7 in. in length. One 
large, strong, copper funnel, with 
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lapped Beams, for etraining boiling 
varnish or oil ; tin or solder^ fnnnele 
would melt. One copper oil- jack, Fig. 
287, which will contain 2 gal., for 
pouring in hot or iKjiling oil, with a 
large strong pitcher handle, and spout 
in front. One brass or copper sieve 
containing 60 meshes U» the inch, 9 in. 
diameter, for straining the iirst vaniisli. 
A brass sieve, 40 ^eshes to tlic inch, 
9 in. diameter, for straining gold size, 
turpentine, varnish, lioiled oil, etc. /i 
brass sieve, 40 meshes to the inch, and 
9 in. diameter, for straining japan and 
Brunswick black. A saddle, Fig. 288, 



Fig. 286 . Fig. 288. 

which is a sheet of plate-iron or tin, 
12 in. broad, and turned up IJ in. at 
each side ; it is to lie from the edge of 
No. 1 pot on the edge of the funnel, 
to prevent the spilling of the varnish 
during the time of taking it out. A 
tin pouring pot, to hold 3 gal. , made 
exactly like a garden water pot, only 
smaller at the spout, and without any 
rose ; this is never to lie used for any 
purpose except pouring oil of turpen- 
tine into the varnish. A 3-gal. tin 
jack made with a strong handle at 
back and a large broad spout in front ; 
used for receiving the washings when 
poured out from the gum-pot. A small 
broom, termed a swish, made from the 
waste cuttings of cane tied on a small 
liandle, like a hearth broom, for wash- 
ing out the gum-pot each time it is 
ui^ ; to be always kept clean, and left 
oil of turpentine. An iron trevet, 


made with a circular top 14 in. dia- 
meter, with four small cross-bars ; the 
tliree feet of the trevet 12 in. high ; it 
is used for setting the gum-pot upon, 
with its bottom upwards, for a minute 
between each running. 

Application. — In using varnish, 
gresit care should be taken to have 
everything quite clean, the cans should 
1)0 kept corked, the brushes free from 
oil or dirt, and the work protected 
from du.'it or smoke. Varnish should 
be uniformly applied, in very thin 
coats, sparingly at the angles. Good 
varnish should dry so quickly as to be 
free from stickiness in 1 or 2 days. 
Its drying will be greatly facilitated 
by the influence of light ; but all 
draughts of cold air and damp must be 
avohled. No second or subsequent 
coat of varnish should be applied till 
the bust is ))ermanently hanl, other- 
wise the drying of the under coats will 
be stopped. The time required for 
this dei)ends not only upon the kind 
of varnish, but also upon the state of 
the atmosphere. Under ordinary cir- 
cumstances, spirit varnishes require 
2-3 hours after everj' coat ; turpentine 
varnishes require 6 or 8 hours ; and oil 
varnishes still longer, sometimes as 
much as 24 hours. Oil varnishes are 
easier to apply than spirit varnishes, 
in consequence of their not drying so 
quickly. Porous surfaces should be 
sized before the varnish is applied, to 
prevent it from being wasted % sinking 
into the pores of the materi^. Var- 
nish applied to painted work is likely 
to crack if the oil in the paint is not 
good ; also, if there is much oil of any 
kind, the varnish hardens more quickly 
than the paint, and forms a rigid skin 
over it, which cracks when the paint 
contracts. The more oil a varnish 
contains the less likely it is to crack. 
All varnishes improve by being kept in 
a dry place. One pint of varnish will 
cover about 16 square yards with a 
single coat. 

To FamwA /Vtrni««r€.— Pint make 
the work quite clean ; then fill up 
all knots or blemishes with cement 
of the same colour ; see that the bruf^ 

2 B 
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is clean, and free from loose hairs ; 
then dip the brush in the varnish, 
stroke it along the wire raised across 
the top of the varnish pot, and give 
the work a thin and regular coat ; soon 
after that another, and another, always 
taking care not to pass the brush twice 
in the same place ; let it stand to dry 
in a moderately warm place, that the 
varnish may not chill. When the 
work has had about six or seven coats, 
let it get quite hard (which prove by 
pressing the knuckles on it — if it leaves 
a mark it is not hard enough) ; then 
with the first tliree fingers of the hand 
rub the varnish till it chafes, and pro- 
ceed over that part of the work in- 
tended to be polished, in order to take 
out all the streaks or partial lumps 
made by the brush ; then give it 
another coat, and let it stand a day or 
two to harden. 

Paper or Cardboard. — In all 
cases the surface must first be sized 
with isinglass or gelatine size to pre- 
vent the varnish soaking in. This 
process is as follows. (1) Dissolve 1 oz. 
of the best isinglass in about a pint of 
water, by simmering it over the fire ; 
strain it through fine muslin, and keep 
it for use. Try the size on a piece of 
paper moderately warm ; if it glistens 
it is too thick, add more water ; if it 
soaks into the paper it is too tliin, add 
or diminish the isinglass till it merely 
dulls the surface ; then give the paper 
two or three coats, letting it dry 
between each, being careful (particu- 
larly in the first coat) to bear very 
lightly on the brush, which should be 
a fiat tin camel hair. The size should 
flow freely from the brush, otherwise 
the paper, if a drawing, may be dam- 
aged. Then take the bwt mastic 
varnish, and with it give at least three 
coats. (2) Boil clear* parchment cut- 
tings in water in a clean glazed pipkin 
till they produce a very clear size, 
struin it And keep it for use. Give 
any Work two coats of the above size, 
pawing quickly over the work not to 
disturb the cobun \ varnish with a 
paper vaniish. 

Prints, ENORAmos, or Maps.— 


a pieCe of plate glass is heated, 

1 and, while yet warm, a little wax 
rubbed over it ; water is then poured 
over the plate, and the moistened 
[ picture laid thereon and pressed 
; closely down by means of a piece of 
filtering paper. When dry, the pic- 
ture is removed, and will be found to 
possess a surface of great brilliancy, 
which is not injured^ 7 the process of 
mounting. 

Varnish Brushes.— All varnish 
brushes ought to be made of long white 
hairs of the beat quality, and, for the 
general purposes of varaishing, have a 
good regular spring with alx)ut one- 
fourth or fifth part worn off, flat, sharp, 
and thin at the point, so as to lay on 
the varnish smoothly and regularly. 
As the beauty of varnishing depends in a 
great measure on the brush as well as 
the manner of laying it on, great care is 
also necessary that no oil brush be put 
into varnish ; therefore, all brushes 
worn down in oil colour, and intended 
to be put into varnish, ought previ- 
ously to be well washed in turpentine, 
squeezed and dried with a clean linen 
or well washed with soap and hot 
water, rinsed in clean warm water, and ' 
made perfectly dry. The best method ' 
of keeping oil- varnish brushes when not 
in use is to bore a hole through the 
handle and put a wire skewer through 
it, and so suspend the brush in a 
narrow tin pot containing varnish of 
the same sort as it was last in, taking 
care that the varnish in the pot covers 
the hairs of the brush up to the bind- 
ing and no higher. Brushes so kept 
are always straight, clean, pliable, and 
in good order ; whereas varnish brushes 
kept in turpentine become hard ana 
harsh, and however well stroked or 
rubbed out, there will still remain tur- 
pentine enough to work out by degrees, 
and spoil the varnishing, by causii^ it 
to run streaky or cloudy 
Miscellaneoua l^ceipti. --- 
Copal Varnish (Spirit). •— 1. Melt 
in an iron pan at a slow heat, copal 
gum, powdered, 8 parts, and add balsam 
capivi, previously warmed, 2 parts. 

1 Then remove from the fire, and add 
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spirits of turpentine, also wamSed be- 
forehand, 10 parts, to give the neces- 
sary consistence. Gum copal is made 
more soluble in spirits of turpentine 
by melting the powdered crude gum, 
and allowing it to stand for some time | 
loosely covered. ! 

2. Pounded coiwil, 24 parts ; spirits ' 
of turpentine, 40 ; c«im])hor, 1. 

3. Copal in p(*^der, 16 parts ; cam- | 
phor, 2 ; oil of lavender, 90. Dissolve ' 
the camphor in the oil, heat the latter, j 
and stir in the coijal in successive | 
l)ortions until complete solution takes ^ 
place. Tliin witli sufficient turpentine , 
to make it of proper consistence. J 

4. Coarsely -jjowdered copal undglass, , 

of each 4 oz. ; alcohol of 90 percent., j 
1 pint ; camphor, ^ oz. ; heat it in a j 
water bath so that the bubbles may , 
be counted as they rise, observing fre- 
quently to stir the mixture ; when j 
cold decant the clear. Used for pic- ; 
tures. I 

5. Copal melted and drojiped into { 
water, 3 oz. ; gum sandarach, 6 oz. ; 
mastic and Chio turpentine, of each, 
2} oz. ; powdered glass, 4 oz. ; alcohol 
of 85 per cent., 1 (jt. ; dissolve by a 
gentle heat. Used for metal, chairs, 
etc. 

White G(ypal Varnish. — 4 oz. copal, 

4 oz. camphor, 3 oz. white drying | 
oil, 2 oz. essential oil of turpentine. ' 
Reduce the copal to powder, mix the ' 
camphor and drying oil, then heat 
it on a slow fire, and add the oil of 
turpentine, and strain. 

Copal Varnishes for Fine Paint- 
,inas . — Fuse 8 lb. of very clean pale 
Amcan gum copal, and when com- 
pletely fluid, pour in 2 gal. of hot oil ; 
let it boU until it will string very i 
strong ; and in about fifteen minutes, | 
or wlule it is yet very hot, pour in 3 
gal. of turpentine. Perhaps, during | 
the mixing, a considerable quantity of 
the turpentine will escape, but the 
varnish will be so much the b^hter, 
transparent, and fluid ; and will work 
freer, dry quickly, and be very solid 
and durable when dry. After the 
varnish has been |trained, if it is found 
too thick, before u id quite cold, heat 


as much turpentine and mix with« 
it as will bring it to a proper consist- 
ence. 

Artists* Virgin Copal . — From a 
select parcel of scraped African gum 
copal, pick out the fine transparent 
pieces which appear round and pale like 
drops of crystal ; break these small ; 
dry them in the sun, or by a very gentle 
fire. Afterwards, when cool, bruise 
or pound them into a coarse powder ; 
then procure some broken bottles or 
flint glass, and boil the siiiiie in soft 
water and soda, then bruise it into 
coarse powder like the gum ; boil it 
a second time, and strain the water 
from it, washing it with three or four 
waters, that it may be perfectly clean 
and free from-grease or any impurity ; 
dry it before the fire, or upon a plate ; 
set it in an oven. When it is thor- 
oughly dry, mix 2 lb. of it with 3 lb. 
of the powdered copal ; after mixing 
them well, put them into the gum-pot 
and fuse the gum ; keep stirring all 
the time ; the glass will prevent the 
gum from adhering together, so that 
a very moderate fire will cause the gum 
to fuse. When it appears sufficiently 
run, have ready 3 qt, of clarified oil, 
very hot, to pour in. Afterwards let 
it teil until it strings freely between 
the fingers ; begin and mix it rather 
hotter than if it were body-vamish ; 
pour in 5 qt. of old turpentine, strain 
it immediately, and pour it into an 
open jar or large glass bottle ; expose 
it to the air and light, but keep it 
both from the sun and wet, and from 
moisture, until it is of a sufficient age 
for use. Tliis is the finest copal var- 
nish for fine paintings or pictures. 

Quick Drying Body Ce^pal Varnish. 

8 lb. of the best African cop^, 2 gal- 
lons of clarified oil, | lb. of dri^ sugar 
of lead, 3j^ gaRons of turpentine; 
boiled till stringy, and mixed and 
strained ; 8 lb. ot fine gum anime, 2 
gaUons of clarified oil, J lb. of white 
copperas, Sf gallons of turpentine; 
boiled as before; to be mixed, and 
strained while hot, into the other pot. 
These two pots mixed together will 
dry in six hours in winter, and in four 
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in summer ; it is very useful for var- 
nishing old work on dark colours. 

Best Body Copal Varnish for Coach 
Makers. — Fuse 8 lb. of fine African 
gum copal ; add 2 gal. of clarified oil ; 
boil very slowly for four or five hours, 
until quite stringy ; mix off with gal. 
of turpentine ; strain off, and })our it 
into a cistern. 

Cabinet Varnish.— Fuse 7 Ib. of 
fine African gum copal, and pour in I 
half a gal. of clarified oil ; in three or I 
four minutes after, if it feels string}', ' 
take it out of doors, and mix with it I 
3 gal. of turpentine ; afterwards strain I 
it, and put it aside for use. This, if ! 
properly boiled, will dry in ten minutes, 
but if too strongly boiled will not mix 
at all with the turpentine ; and, sotm- 
tiwics, when boiled with the turpentine, 
will mix, and yet refuse to araaltramatc 
with any other varnish less boiled than 
itself ; therefore it requires a nicety 
which is only to be learned from prac- 
tice. This varnish is chiefly intended 
for the use of japanners, cabinet paint- 
ers, and coach painters. 

Carriage Varnish.— QtacI: Drying. 
— 8 lb. of fine pile gum anime, 2 gal. 
of clarified oil, gallons of turpen- 
tine ; to be boiled four hours. This, 
after being strained, is put into the 
two former pots, and well mixed 
together ; its effect is to cause the 
whole to dry (juicker and firmer, and 
enable it to take the polish much 
sooner. 

Common Body Varnish for Cwr- 
riages. — 8 lb. of the best African 
copal, 3 gallons of clarified oil, 3^ 
gallons of turpentine ; boiled four 
hours, or until stringy ; mixed and 
strained, will produce a^ut gallons. 

8 lb. of the best gum anime, 2 gallons 
of clarified oil, 3^ gallons of turpentine ; 
boiled as usual ; mi^ed and straineil 
hot, and put into the former pot of 
African gum varnish. Put two pots of 
this e^nime varnish to one of copal ; it 
will dry quicker and harder than the 
best body copal, and will polish very 
soon, but not wear either so weU or so 
lOM. 

Best Pale Carriage VormsA.— 8 lb 


of 2nd ‘sorted African copal, 2^ gal- 
j Ions of clarified oil ; boil till very 
I stringy. J lb. of dried copperas, J lb. 
of litlmrge ; 5A gallons of turpentine ; 
strained. 8 lb. of second sorted gum 
anime, gallons of clarified oil ; \ lb. 
of dried sugar of lead, J lb. of litharge ; 
f)^ gallons of turpentine ; mix with the 
I first while hot. This varnish will dry 
hard, if well boiled, four hours in 
summer, and six in winter. As its 
name denotes, this is intended for the 
varnishing of the wheels, S})iiing8, and 
carriage parts of coaches, chaises and 
so on; also it is that*^ description of 
i varnish wliish is generally sold to and 
used by house painters and decorators, 
as from its drying quality and strong 
gloss it suits their general purposes 
well. 

Second Carriage Varnish . — 8 lb. 
of 2nd sorted gum animi ; 2| gallons 
of fine clarified oil ; giillons of tur- 
pentine ; J lb. of litharge, J lb. of dried 
sugar of lead, J lb. of dried copperas ; 
boiled and mixed as before. When 
three runs are poured into the boiling 
pot, the regular pi*orx)rtion of driers 
put in, and well boiled, this varnish 
will dry hard and firm in four hours in 
winter, and in two in summer ; it is 
principally intended for varnishing 
dark carriagework or black japan, and 
is also used by house painters for dark 
work. 

Wainscot Varnish (1) 8 lb. of 2nd 
sorted gum anime, 3 gallons of clarified 
oil, I lb. of litharge, ^ lb. of dried cop- 
peras, I lb. of dried sugar of lead, 5| 
gallons of turpentine ; to be all well 
boiled until it strings very strong, and 
then mixed and strained. A^ere 
large quantities are required, it will 
always be found best to boil off the 
three runs in the boiling pot. This 
varnish is principally intended for 
house painters, grainers, builders and 
japanners : it will dry in two hours in 
summer, and in four in winter. 

Mahogany Varnish (1) is either 
made in the same proporiions, with a 
little darker gum ; otherwise it is 
wainscot varnish, with a small portion 
of gold size. 
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(2) Put in a Iwttle 2 oz. gum#8anda- 
rach, 1 oz. shellac, ^ oz. gum Iwnga- 
mio, 1 oz. Venice turpentine, and a 
pint of spirits of wine. Colour red, 
with dragon’s blood, or yellow with 
salfron. Stand in a warm spot till 
glim dissolves, when sti'ain for use. 

Ambek Oil Varnish. — It is prob- 
able that amber makes the best wear- 
ing varnish, but it is wanting in elas- 
ticity, and sliouliJ the wood swell or 
warp, or the metal expand and contract 
the varnish must suffer. The ushal 
proportions are 1 jiart of yellow amber 
(made soluble^ 1 part to W parts of 
lioiled linseed oil and 1 to 2 parts of 
turpentine. The least oil makes the 
licst wcjiring varnish but the least 
elastic, while the greater the oil the 
more elastic the varnish is, but the 
special wearing quality is decreased. 
The varying ipiantity of turpentine 
does not affect the quality, it is used 
according to whether the varnish is 
required stiff or very fluid. 

Elasticity in varnish usually being 
a desirable quality, the wearing value 
of amber can be obtained in a consider- 
able degree with elasticity by making 
the following mixed varnish. 

Amber and Copal Vanmh . — 1 part 
amber (solubilised), 1 l»irt copal, 
2 parts lx)iled linsc^ed oil, 4 parts tur- 
pentine. All by weight. 

Pale Aml)er Varnish . — Fuse 6 lb. 
of fine-picked, very jialc, transparent 
amber in the gum-pot, and ix)ur in 2 
gallons of hot clarified oil. Boil it 
until it strings very strong. Mix with 
4 gallons of turpentine. This will be 
as fine as lx)dy copal, will work free, 
and flow well upon any work it is ap- 
plied to ; it becomes very hard, is dur- 
able, and is exceUent to mix in copal 
varnishes, to give them a hard and 
durable quality. Amber varnish will 
always require a long time before it is 
ready for polishing. 

Dammar Varnish.— Gum dammar, 
10 parts ; gum sandarach, 5 ; gum 
mastic, 1. Digest at a low heat, occa- 
sionally shaking with spirits of turpen- 
tine, 20 parts. Add spirits of turpen- 
tine until of the consistence of syrup. 


Mastic Varnish. — 1 pint spirits of 
turpentine, and 10 oz. of the clearest* 
gum mastic. 8et it in a sand bath till 
it is all dissolved, then strain it 
tlmough a fine sieve, and it is ready 
for use ; if too tliick, tldn with spirits 
of turpentine. 

Linsf.ed-Oil Varnish.— Boil linseed 
oil, 60 parts, with litharge, 2 parts, and 
white vitriol, 1 part, eacli finely jiow- 
dered, until all water is evaporated. 
Tlieii set by. Or, rub up borate of 
manganese, 4 pirts, w’ith some of the 
oil, then add linseed oil, yOOO parts, 
and heat to boiling. 

Turpentine Varnish.— (a)To 1 pint 
of spirits of turpentine add 10 oz. clear 
resin pouialed ; put in a tin can on a 
stove, and let it Ixiil for half an hour. 

; When the resin is all dissolved, let it 
cool, and it is ready for use. 

(//) Turpentine varnish consists of 
4 lb. common (or bleached) rosin dis- 
solveii in 1 gal. oil of turpentine, 
under slight warmth. It is used for 
indoor painteii work, and also to add 
to other varnishes to give them greater 
body, hardness, and brilliancy. 

Oak Varnish. Cheap.— (1) Clear 
pale resin, 13^ lb. ; oil of turpentine, 
1 gal. ; dissolve. It may be coloured 
darker by adding a little fine lamp- 
black. 

(2) 10 gal. l)oiled oil substitute, 2^ 
gal. clarifiefl linseed oil, 3 gal American 
turj)8, 30 lb. ground amber resin. 
Have lioth the oils boiling, run down 
the resin, add the boiling oils, cool 
down and then add the turpentine. 
Strain. 

Hard Chvreh. — (1) 10 lb. boiled lin- 
seed oil, 11 lb. American turps, 3 lb. 
medium gum kauri, lb. dark gum 
kauri. 

(2) 16 lb. gum kauri, run this and 
mix with 6 ga^. of linseed oil. Boil 
until it strings well. Allow to cool, 
then add 12 gal. of tu^ntine. This 
is best suited for interior work. 

Quiclc.—i lb. boiled linseed oil, 24 
lb. American turpentine, 17 lb. dark 
gtun kauri. 

jPo/c.— ( 1) For good cabinet work. 
24 lb. gum copal. Run this and ipix 
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with 9 gal. of linseed oil. Add | oz. 
each of litharge, dried copperas and 
dried sugar of lead. Well boil the 
whole, then allow to cool and thin 
with 18 gal. of turpentine. Strain. 

(2) 36 lb. gum kauri, 12 lb. copal, 

4 lb. litharge, 10 gal. raw linseed oil, 

9 gal. turpentine. 

DarA:.— 13 lb. gum kauri, 1 lb. flake 
litharge, 1 lb. sulphate of zinc, 3 gal. 
raw linseed oil, 2^ gal. turpentine. 

Copal Varnishes. — (1) Best Body 
Copal Varnish. — Fuse 8 lb. fine 
African gum copal ; add 2 gal. clari- 
fied oU. Boil very slowly for 4 or 

5 hours till quite stringy, and mix 
with 3J gal. turpentine. This is 
used for the body part of coaches, and 
for other objects intended to be 
polished. The above makes the palest 
and beat copal varnish, po88e.s8ing great 
fluidity and pliability, but it is very 
slow in drying, and, for months, is too 
soft to polish. Driers are therefore 
added, but they are injurious. To 
avoid the use of driers, gum animi is 
used instead of copal, but it is less 
durable and becomes darker by age. 
The copal and animi varnishes are 
sometimes mixed ; 1 pot of the latter 
to 2 of the former for a moderately 
quick drying varnish of good quality, 
and 2 pots of animi to 1 of the copal 
for quicker drying varnish of common 
quality. 

Common Varnish.— ( a) This varnish 
is intended for protecting surfaces 
against atmospheric exposure. It has 
l^en used for coating wood and iron 
work with great advantage. Take 
3 lb. of resin and powder it, place it 
in a tin can, and add 2^ pints of spirits 
of turpentine, well s^ke, and let it 
stand, occasionally shaking it, for a 
day or two. Then add of boiled oil 
fiqt., well shake together, and allow it 
to s^d in a warm room till clear. 
The clew portion is decanted and used, 
or iceduced with spirits of turpentine 
un^ of the proper consistence. 

(b) Digest shellac, 1 part ; with 
alcohol, 7 or 8 parts. 

Colourless VABNisB.wfA Shellac.— 
Dissolve 2^ oz. of shellac in a pint of < 


rectified spirits of wine ; boil for a few 
minutes with 5 oz. of well-burnt and 
recently-heated animal charcoal. A 
small portion of the solution should 
then be filtered, and if not colourless, 
more charcoal added ; when all the 
colour is removed, press the liquor 
through a piece of silk, and afterwards 
filter through fine blotting paper. 
This kind of varni^ should be used 
in a room at 60®*^., perfectly free 
from the least dust. It dries in a few 
minutes, and is not liable afterwards 
to chill or bloom. It is particularly 
applicable to drawings and prints that 
have been sized, and may be advan- 
tageously used upon oil paintings which 
are thoroughly hard and dry, as it 
brings out the colours with the purest 
effect. 

Hard Spirit Varnish. White.— 1. 
Gum sandarach, 1 lb. ; clear turpen- 
tine, 6 oz.; rectified spirits (65 over 
proof), 3 pints ; dissolve. 

2. Mastic, in tears, 2 oz. ; sanda- 
rach, 8 oz. ; gum eleini, 1 oz. ; Ohio 
turpentine, 4 oz. ; rectified spirit (65 
over proof), 1 qt. Used on meta^ ; 
polishes well. 

3. Gum mastic, 4 oz, ; gum juniper, 
^ lb. ; turpentine, 1 oz. ; spirits of 
wine, 4 pints ; mix together. 

4. White hard spirit varnish may 
be made by dissolving lb. gum 
sandarach in 1 gal. spirits of wine ; 
when solution is complete, add 1 pint 
pale turpentine and shake well to- 
gether. 

Bromi. — 1. Sandarach, 4 oz, ; pale 
seed-lac, 2 oz. ; elemi, 1 oz. ; alcohol, 

1 qt. ; digest with agitation till dis- 
solved, then add Venice turpentine, 

2 oz, 

2. Gum sandarach, 3 lb. ; shellac, 
2 lb. ; rectified spirit (66 over proof) 
2 gal, ; dissolve, add turpentine var- 
nish, 1 qt. ; agitate well and strain. 
Very fine. 

3. Seed-lac and yellow resin, of 
each U lb. ; rectified spirit, 2 gal. « 

4. CTum juniper, 6 oz. ; aihellao, 
6 oz. ; salt of tartar, } oz. ; Venice 
turpentine, Iji oz., and 4 pints of 

1 spirits of wine mix^ together, 
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5. Brown liard spirit vamish is 
made like the white, but shellac is 
substituted for the sandarach. It will 
bear polishing. 

White Varnish.— 1. Tender copal, 
oz. ; camphor, 1 oz. ; alcohol of 
95 per cent., 1 qt. Dissolve, then ' 
add mastic, 2 oz. ; Venice turpentine, 1 
1 oz. Dissolve and strain. Very white, 
drying, and cwmble of being polished , 
when hard. llKftd for toys. ! 

2. Sandarach, 8 oz. ; ma.stic, 2 oz. ; j 
Canada Ijalsam, 4 oz. ; alcohol, 1 *qt. 
Rectified spirits of wine, 1 (jt. ; gum 
sandarach, lO^z. ; gum mastic, 2oz. ; . 
gum auime, ^ oz. Dissolve in a clean 
can, with gentle heat. Agitate well 
when the gums are dissolved ; strain , 
through a lawn sieve. 1 

Dark Varnish for Lioht Wood- j 
WORK. — Pound up and digest shellac, 
16 parts ; gum sandarach, 32 ; gum 
mastic, 8 ; gum elemi, 8 ; dragon’s 
blood, 4 ; aniiatto, 1 , with white tur- , 
pentine, 16 ; and alcohol, 256. Dilute 
with alcohol if re(iuired. i 

Soft Brilliant Varnish.— -Sahda- ; 
rach, 6 oz. ; elemi (genuine), 4 oz. ; i 
anime, 1 oz. ; camphor, ^ oz. ; rectified i 
spirit, 1 qt. ; Jis before. | 

Sealing-wax Varnish.— Dissolve 
sealing-wax in spirits of wine, and 
apply the solution (well shaken up) | 
with a soft brush ; the spirits of wine ' 
will evaporate, leaving an even coating ' 
of sealing-wax. I 

Qbeen Transparent Varnish.— i 
Grind a small quantity of Chinese blue ■ 
and chromate of potash together, and ! 
mix them thoroughly in common copal 
vamish thinned with turpentine. The; 
blue and the chromate must be ground i 
to an impalpable powder, and the tone ! 
of colour varied with the amount of 
each ingredient used. A yellow-green i. 
requires about twice the quantity of , 
* the chromate of potash to that of the 
Chinese blue. 

Aniline Varnishes.— Prepare a 
spirit vamish by dissolving sandarach 
in spirits of wine, and add to this the > 
anime colour previously dissolved in > 
spirit. Intense colours may be ob- j 
tained. The objects should be warmed, I 


and, if possible, they should be dipped 
in the vamish. • 

Golden Varnish.— <a) Pulverize 1 
drachm of safiron and ^ drachm of 
dragon’s blood, and put them into 1 
pint spirits of wine. Add 2 oz. of 
gum shellac and 2 drachms of Socotrine 
aloes. Dissolve the whole by gentle 
heat. Yellow painted work varnished 
with tliis mixture will appear almost 
equal to gold. 

(b) Digest shellac, 16 parts ; gum 
sandarach and mastic, of each 3 ; 
crocus, 1 ; gum gamboge, 2 ; all 
bruised, with alcohol, 144. Or, digest 
seed-lac, sandarach, mastic, of each 
8 parts ; gamboge 2 ; dragon’s blood, 
1 ; white turpentine, 6 ; turmeric, 

4 ; bruised, with alcohol, 120. 

Boiling Water, to Resist.— Lin- 
seed oil, U lb. ; amber, 1 lb. ; litharge 
pulverised, 5 oz. ; white lead pulverised, 

5 oz. ; minium, 6 oz. Boil the linseed 
oil in an untinned copper vessel, and 
suspend in it the litharge and the 
minium in a small bag, wliich must 
not touch the bottom of the vessel. 
Continue the ebullition until the 
oil has acquired a deep brown colour ; 
then take out the b^ and put in a 
clove of garlick ; this is to be re- 
peated seven or eight times, the 
ebullition being always continued. 
Before the amber is added to the oil, 
it is mixed with 2 oz. of linseed oil, 
and melted over a fire that is well kept 
up. When the mass is fluid, it is to 
be poured into the linseed oil ; this 
mixture is to be boiled and stirred 
continually for 2 or 3 minutes ; after- 
wards filter the mixture, andpreaerve 
in bottles tightly corked. When this 
vamish is used, the wood must be 
previously well polished, and covered 
with a thin coat of soot and spirits of 
turpentine. When this coat is dry, 
some of the vamish may be applied, 
which should be distributed equally 
on every part with a small fine sponge. 
This operation is to be repeated 4 times, 
being always careful that each ooat be 
well dried first. After the last ooat 
of vamish, the wood must be dried in 
an oven and afterwards polished. 
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Tablb Vabnish.-— (1) Oil of turpen- 
tine, 1 lb. ; beeswax, 2 oz. ; colophony, 
1 c^hm. (2) Dammar resin, 1 lb. ; 
spirits of turpentine, 2 lb. ; camphor, 
200 grains. Digest the mixture for 
twenty-four hours. The decanted 
portion is fit fur immediate use. 

Furniture. —1. Shellac, IJ lb.; 
naphtha, 1 gallon ; dissolve, and it is 
ready without filtering. 

2. Shellac, 12 oz.; copal, 3 oz. (or 
an equivalent of varnish) ; dissolve in 
1 gallon of naphtha. 

3. Shellac, IJ lb.; seed-lac and 
sandarach, each 4 oz, ; mastic, 2 oz.; 
rectified spirit, 1 gallon ; dissolve. 

4. Shellac, 2 lb.; benzoin, 4 oz.; 
spirit, 1 gallon. 

5. Shellac, 10 oz. ; seed-lac, sanda- 
rach, and copal varnish, of each 6 oz. ; 
benzoin, 3 oz. ; naphtha, 1 gallon. 

To darken, benzoin and dragon’s 
blood are u.sed, turmeric and other 
colouring matters are also added ; and 
to make it lighter it is necessary to use 
bleached lac, though some endeavour 
to give this etfect by adding oxalic acid 
b ) the ingredients ; it, like gum arable, 
is insoluble in good spirit or naphtha. 
For all ordinary purposes the first form 
is best and least troublesome, while its 
appearance is equal to any other. 

White , — White wax, fi oz.; oil of 
turpentine, 1 pint ; dissolve by a 
gentle heat. Or white wax, 6 parts ; 
petroleum, 48 ; applied to the work 
while warm, allowed to cool, then 
polished by rubbing with a coarse 
cloth. 

Coach Makbbs’ Black Varnish.— 
Gum amber 16 oz. ; melt in | pint of 
boiling hot linseed oil : add 3 oz. of 
asphaltum, and 3 resin ; mix thor- 
oughly over a fire, and add when 
cooling 1 pint of oil of turpentine 
slightly warm. , 

Asphalts Varnish.— Boil coal tar 
until it shows a disposition to harden 
on cooling ; this can be ascertained by 
rubbing a little on a piece of, metal. 
I'hen i^d about 20 per cent, of lump 
asphalte, stirring it with the boiling 
coal tar until all the lumps are melted, 
when it can be allowed tn cool and 


kept ioT use. This makes a very 
bright varnish for sheet metals, and 
is cheap and durable. 

Ironwork, Varnish for.— (1) Dis- 
solve in about 2 lb. of tar oil, ^ lb. of 
asphaltum, and a like quantity of 
pounded resin, mix hot in an iron 
kettle, care being taken to prevent 
any contact with the flame. When 
cold the varnish is ready for use. This 
varnish is for out-di^r wood and iron 
work. 

t 2 ) The following is recommended 
by Matheson as very effective : 30 gal. 
of coal tar, fresh, witl\ all its naphtha 
retained ; 6 lb. tallow ; I 4 lb. rosin ; 

3 lb. lampblack ; 30 lb. fresh slaked 
lime, finely sifted — mixed intimately 
and applied hot. Wlien hard, this 
varnish can be painted on by ordinary 
oil paint if desired. 

(3) Fuse 3 lb. Egyptian asphaltum ; 
when it is liquid, add ^ lb. shellac 
and 1 gal. turpentine. 

Varniih for Iron Patterns. — A 
good varnish for iron Is made as fol- 
lows : Take oil of turpentine and drop 
into it, drop by drop, strong commer- 
cial oil of vitriol ; the acid will cause 
a dark syrupy precipitate in the oil of 
turpentine ; keep adding drops of 
vitriol until the precipitate ceases 
taking place, then pour out the liquid 
and wash the syrupy mass with water, 
and it is ready for use. Heat the iron 
to be varnished to a gentle heat, apply 
the syrupy product and allow it to 
dry. 

Ironwork Black . — Put 48 lb. of 
foreign asplialtum into an iron pot, 
and boil for 4 hours ; during the first 
2 hours introduce 7 lb. of red-lead, 
7 lb. of litharge, 3 lb. of dried copperas, 
and 10 gal of lx)iled oil ; add one 8-lb. 
run of dark gum, with 2 gal. of hot 
oil. After pouring the oU and gum 
continue the boiling 2 hours, or until 
it will roll into hard pills, like japan. 
When cool, thin it off with 30 jpu. of 
turpentine, or until it is of a proper 
consistence. 

Iron and Steel. — Dissolve 10 parte 
of clear grains of mastic, 5 camphor, 
1.^ sandarach, and fi of clemi, in a 
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sufficient quantity of alcohol, and apply kept at least six months before it is 
without heat. used. * 

Black Japan is made after the Another Black Japan is made by 
manner of the gold size. Put 6 gal. putting into the set pot 48 lb. of 
of raw linseed oil into the set pot ; boil Naples asphaltum ; as soon as it is 
it with a very slow fire. Have a melted, pour in 10 gal. of raw linseed 
10-gal. cast-ii'on jKit, with two handles oil. Keep a moderate fire, and fuse 
or ears ; this pot will fit into the plate 8 lb. of dark gum anime in the gum 
of the boiling furnace, into which put pot : mix it with 2 gal. of oil, and 

10 lb. of Egyptian aaphaltum, and pour it into the set iK)t. Afterwards 
keep under it a^otxl regular fire all fuse 10 Ih. of dark or sea amber in the 
the time of fusion. During the time i iron pot. When it appears completely 
the asphaltum is fusing, have 2 gal.* of i fused, {lour in 2 gal. of hot oil, and 

011 getting hot to mix it with as soon ' pour it into the set jwt ; continue the 
as it is sufficiejitly melted. After it l)oiling for three hour« longer, and 
is oiled, lea\e it on the fire alniut ten I during that time introduce the same 
minutes ; then pour it into the set quantity of driers as before directed ; 
pot. Carry it out of doorh, and with | draw out the fire, and let it remain 
a handful of hay or straw clear it out, * until morning ; then boil it until it 
and afterwards wash it out with tur- ^ rolls hard ; leave it to cool, and after- 
pentinc washings, and dry it with a . wards mix with turpentine. This 
rag. Proceed and finish three more jajian will appear in colour like the 
seyiarate runs like the first, until there i otlier ; but M'hen applied on work, it 
are four runs in ihe set j)ot, that is, I will dry more hard, compact and glossy, 
40 lb. of asphaltum and 14 gal. of raw and will not rub dowm or polish so 
linseed oil ; then introduce exactly . soon as the other, which is occ^ioned 
the same driers as for the gold size, ! by the toughness and durability of 
and in the same manner. Keep a the amber. 

regulai, but moderate fire, so that the 1 Brunswick Black. Best.—Jn an 
boiling continues at a moderate heat j iron pot, over a slow fire, boil 45 lb, of 
for four hours from the last run being foreign asphaltum for at least 6 hours, 
poured in the set pot ; then draw, and and during the same time boil ^ in 
put out the fire ff)r that day. Next another iron pot 6 gal. of oil which 
morning, as soon as it can be brought has been previously boiled ; during 
to a boil, try it upon a bit of gloss ; the boiling of the 6 gal. introduce 
if it but strings strongly, it will not 6 lb. of litharge gradually, and boil 
do ; it must be boiled so strong that until it feels string between the 
when a piece is pinched from oflF the fingers ; then ladle it into the pot 
glass, after it has l)een left to cool, it containing the boiling asphaltum. 
will roll into a hard pill between the Let teth boil until, upon trial, it will 
finger and thumb. When it forms roll into hard pills ; then cool, and 
hard, and scarcely sticks to the fingers, mix with 26 gal. of turpentine, or 
it is then boiled enough. Put out the until it is of a proper consistence, 
fire, as directed before. Leave it one Common.— Vui 28 lb. of common 

hour and a half before mixing. When black pitch, and 28 lb. of common 
cold enough, mix it with 30 gal., at asphaltum mad<} from gas tar, into an 
least, of turpentine, and strain it. If iron pot, boil both for 8 or 10 houra, 
it is too thick when cold, heat and which will evaporate the gas and mois- 
introduce as much turpentine as will ture ; let it stand all night, and early 
bring it to a proper consistence. The next morning, as soon as it Iwils, put 
japan will dry in 6 hours in summer, in 8 gal. of l^iled oil ; then introduce 
and 8 in winter. It is principally in- gradually 10 lb. of red-lead and 10 lb. 
tended for and used by coach makers, of litharge, and boil for 8 hours, or 
japanners, or pyiinters, and should be until it will roll very hard. When 
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ready for mixing, introduce 20 gal. of solve ^ach resin in 1000 parts by 
turpentine, until of a proper consist* . measure, of absolute alcohol ; two 
ence. This is intended for engineers, j separate mixtures must be made with 
founders, or ironmongers ; it dry ' the dragon’s blood and annatto, in 
in half an hour, or less, if properly j 1000 parts of such alcohol ; and a 
boiled. ’ proper proportion of each should be 

Black Varnish for Straw Hats.— added with the gamboge to the varnish, 
Best black sealing wax, oz. ; rectified according to the shade of colour re- 

spirits of wine, 2 oz. ; powder the quired. 

sealing wax, and put it with the spirits Silver. — Gum elemi, 30 parts ; 

of wine into a phial, digest them in a white amber, 45 ; charcoal, 30 ; spirits 
sand bath, or near a fire till the wax of turpentine, 375. Used in a heated 
is dissolved ; lay on warm with a fine sthte ; the metal to which it is to be 
soft hair brush before a fire, or in the applied being also heated, 
sun. I Waterproof Good§.— Let a J lb. 

Polished Metal, Varnish for. — ! of india-rubber, in small pieces, soften 

1. Take bleached shellac, pounded in in * lb. of oil of turpentine, then add 
a mortar ; place the bruised fragments 2 lb. of boiled oil, and boil for 2 hours 
into a bottle of alcohol until some over a slow fire. When dissolved, add 
shellac remains undissolved ; agitate 6 lb. of boiled linseed oil, and 1 lb. 
the bottle and contents frequently, ' of litharge, and, boil until an even 
and let the whole stand till clear ; , liquid is obtained. Applied warm, 
pour oflf the clear fluid. This forms India-rubber Varnkh.— (1) 2 oz. 
the varnish. Warm the metal surface ■ india-rubW, finely divided, placed in 
and coat with a camel-hair brush. If a phial, and digested in a sand bath, 
not perfectly transparent, warm the with J ib. of campheue, and J oz. of 
varnished surface before a fire or in an ; naphtha. When dissolved, add 1 oz. 
oven until it becomes clear. Common of copal varnish, which renders it more 
orange shellac answers equally well, , durable. 

and for large surfaces even better, as 2. Digest in a wide-mouth glass 
it is more soluble than the bleached bottle 2 oz. of india-rubber in sliavings 
variety, and coats more perfectly, but with 1 lb. of oil of turpentine, during 
care must be taken not to use the two days, without shaking, then stir 
varnish insufficiently diluted. 1 up with a wooden spatula. Add 

2. Digest 1 part of bruised copal in | another lb, of oil of turpentine, and 
2 parts of absolute alcohol ; but as this digest, with frequent t^tation, until 
varnish dries too quickly it is prefer- all is dissolved. Mix lb. of this 
able to take 1 part of copal, 1 part of ; solution with 2 lb. of white copal*oil 
oil of rosemary, and 2 or 3 parts of ' varnish, arnl IJ lb. of boiled linseed- 
absolute alcohol. This gives a clear ■ oil shaKe and digest in a sand-bath 
varnish as limpid as water. It should until they have united into a good 
be applied hot, and when dry it will ' varnish. 

be found hard and durable. j 3. 4 oz. india-rubber in fine shavings 

3. Mix equal quantities of Canada dissolved in a covered jar by means of 
b alsam with very clear spirits of tur- arsand bath, in 2 lb, of crude benzole, 
pentine, until the wl|ple is of the con- and then mixed with 4 lb. of hot lin- 
sistence of ordinary varnish, which seed-oil varnish and J lb. of oil of tur- 
can be determined by constantly pentine. Dries well. 

shaking and allowing to settle. Thu ! Gas Balloons. — Take india-rubber 
may be applied without warming the and dissolve it in 5 times its weight 
varnish or the metal. of spirits of turpentine, keej^ thm 

Gilt Abtioles. — Gumlac, 126 some time together, then boil gently 
parts ; gamboge, 126 ; dragon's blood, 1 part of this solution with 8 pirti « 
126/, annatto, 126 ; safilron, 32. Dis- boiled linseed-oil for a few minutee, 
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strain and set aside to cool. Jt must smooth once more. The wood is now 
be applied warm. ready for colouring and varnishing; 

Gutta-percha Varnish. — Clean a hut it is not desirable to stain the 
quarter of a pound of gutta percha in woodwork of violins, as better results 
warm water from adhering impurities, are obtained by usii^ a coloured vm- 
dry well, dissolve in 1 lb. of rectified nish. Take 1 pint of good copal varnish 
resin oil, and add 2 lb. of linseed-oil and 1 gill ( J pint) of turpentine. Heat 
varnish, l)oiling hot. these very carefully over a dull fire (a 

Glass.— Pulverise a quantity of water-bath is best) letting them get 
gum adragantj^and let it dissolve for scalding hot. Test the heat, or it may 
24 houra in tlie* white of eggs, well get high enough to fire the mixture, 
beat up ; then rub it gently on the Varnish over the whole of the wood- 
glass with a soft brush. * work with this, using a stiff brush and 

Vcmmh med when AvM Etchiwf rubbing it well in. Wlule it is wet 
on I^est in turpentine 2 oz. '• take a \m\ of cotton wool covered with 

wax, ^ oz. iiaplialte, and 1 oz. mastic. | fine cotton or linen rag, moisten this 
Black Leather Varnish. — (1) 1 witld turi)entine, and then rapidly 
Durable leather varnish is compose*! clean off as much of the varnish from 
of lx)iled linseed oil, in which a drier, the violin as possible. Now prepare 
such as litharge, has l)een boiled. It an alcohol varnish as follows Take a 
is coloured with lampblack. Thisvar- gill of methylated spirit and colour it 
nish is used for making enamelled with red sanders wood and turmeric, 
leather. (2) Digest sliellac, 12 parts ; Take another gill of spirit and dipolve 
w'hite turpentine, f* ; gum sandanurh, 1 oz. of gum sandarach in it. Mix the 
2 ; lampblack, 1 ; ^^ith spirits of tur- two lots together and add one table- 
pentine, 4 ; alcohol, 9(5. spoon of ^’enice turj)entine and 1 oz. 

To Imitate Ground Glass.— of wiiite shellac. When all are dis- 


solved and incorix)rated filter through 
Sandanich .... 18 parts very fine muslin. This makes an elastic 

4 »» varnish of assistance to the tone and 

Etber 200 ,, affording the deep amber colour always 

Benzole ! ! . 80 to 100 „ desiied. Use a full-sized cmel hair 

brush for laying on this varnish, work- 


ViOLiNS. — (1) Coarsely -powdered ing length- ways of the instrument, but 
copal and glass, each 4 oz. ; alcohol, avoiding going over the same pl^e 

64 o.p., 1 pint ; camphor, ^ oz. ; heat twice or making streaks. It is a quick 

the mixture with frequent stirring drying varnish. Four coats are de- 
in a water bath, so that the bubbles sirable, rubbing down with toest pum- 
may be counted as they rise until ice powder and water, applied with a 
solution is complete, and when cold woollen rag, after each coat. After 

decant the clear portion. When oil the last coat of varnish is on, making 

varnish is used it is made as for a good body, rub down with pumice 
Artist's Virgin Copal. powder and water, then thoroughly 

(2) When varnishing a new violin, clean off all pumice and carefully diy 
an important detail is the preparation all parts. For the final polie^ use 
of the surface. First go over it with tripoli and waf^, or crocus and lins^ 
No. 1 glass-paper to free it from all oil on a rag, and then rub smarjbly with 
scratches, after which lightly sponge it the ball of the hand. The result 
over with a sponge slightly damp with should be a glosiEy surface giving every 
water. When the surface is dry it satisfaction. 

be found to be quite rough, and (3) Re- varnishing a violin is a |m- 
this requires taking off* with No. 0 cess identical with that just described 
glass-paper. Smooth it well, then except that the first process is to sand- 
4amp again, and when dry, rub quite paper the old varnish and colouring 
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entirely off. When the wood is quite of isinglass in water^ and when dry 
bare proceed as with (2). apply the varnish with a camel-hair 

(4) To varnish a violin a self colour brush, 
the wood surface is prepared as in (2), Paintinqs and Pictures. — 1. 
or in the case of an old violin the var- Honey, 1 pint ; the whites of 24 fresh 
nish and colouring already on must be eggs ; 1 oz. of isinglass, 20 gr. of 
sand-papered off as with (3). When ’ hydrate of potassium, ^ oz. common 
this is done apply the first coat of sivit ; mix together over a gentle 
copal varnish and turpentine and rub heat of 80° or 90° F. ; be careful 
this off (as already explained), then not to let the mixture remain long 
make a spirit varnish without the enough to coagulatc^the albumen of 
colouring matter (turmeric and red the eggs ; stir the mixture thoroughly, 
Sanders) and apply this. Four coats then bottle. Take one tablespoonful 
is considered the least number for good of the varnish and add to it half a 
results, and each coat must be allowed j tablespoonful of good oikof turpentine, 
to get (juite hard, then be rubbed j then spread on the picture as soon as 
down, before applying the next. After j mixed. 

the last coat rub down as with the j 2. Digest at a slow heat gum sanda- 
preceding coats, then polish witii ' rach, 2 jiarts ; gum mastic, 4 ; balsam 
rouge (or crocus) and linseed oil, finish- j capivi, 2 ; white turisjutine, 3 ; with 
ing with the ball of the hand. Putty spirits of turpentine, 4 ; and alcohol 
powder or wheat flour can be used 50-56 parts. 

when the last hand polish is taking 3. Boil 5 parts bitter apple, free<l 
place, from the seed-s and cut, with rain-water 

Prints, Engravings or Maps. — 1. 50 parts, down to one-half. Strain 
Boil Ohio turpentine till brittle, pow- and dissolve in the li(|uor gum arabic, 
der and di.ssolve in oil of turpentine. 8 p^rts ; rock cand)^ 4 ; and add 1 of 

2. Canada Imlsaui and clear white alcohol Let it stand f(jr some days, 
resin, of each 6 oz. , oil of turpentine, and filter. 

1 qt. ; dissolve. 4. Pure linseed oil, to which a small 

3. Digest gum sandarach, 20 parts ; quantity of sugar of lead, ground fine, 
gum mastic, 8 ; camphor, 1 ; with lias been added. 

alcohol, 48. The map or engraving 5. Take equal quantities of linseed 
must previously receive one or two oil and oil of turpentine, thicken by 
coats of gelatine size. exposure to the suii and air until it 

4. Madk Picture Varnish. — Dis- becomes resinous and half evaporated, 

solve (cold) 5 lb. gum mastic in 2 gal. then add a portion of melted beeswax, 
of turpentine. Varnishing pictures should always 

5. Map Varnish. — Dissolve (cold) be performed in fair weather, and out 

2} lb. gum (Ummar in | gal. of tur- of any current of cold or damp air. 
pentine. Lac-watkr Varnish.— Pale shellac, 

6. Crystal Varnish for Enyraviwjs. 6 oz. ; borax, 1 oz. ; water, 1 jant. 

Equal parts of pale Canada balsam and Digest at nearly the lioiling point tfll 
rectified oil of turpentine. dissolved, then strain. An excellent 

7. Crystal Paper Varnish. — 5j^ lb. vehicle for water colours, inks, etc,, 

gum dammar, 1 gal. turpentine. and a varnish for prints is made thui 

8. Paper Varnish for General Pur- of bleachwl lac. When dry, it is trails- 
pom. — 7 lb. No. 1 gum dammar, 2 parent and waterproof. 

lb. colophony rosin, 1} gal. turpentine. Transeer Varnish, for DiaphanUt 

CorouRED Drawings.— Canada bal- Engravings, cte.— 1. Pale Canada bal- 
sam, 1 oz. ; spirits of turpentine, 2 oz. sam and rectified oil of turpentine, 
Mix them together. Before this com- equal parts. 2. Mastic in tears and 
position is applied, the drawing or sandarach, each 4 oz. ; rectified spirit, 
print should be sized with a sdlution 1| pints ; dissolve, and add pale 
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Canada balBam } pint. Melt tke bal> 
sam with a gentle heat, mix with the 
other ingredients and agitate violently. 
No. 1 is also termed Crystal Varnish. 

Gold ob Silver Paints. — Mix 
together 1 gal. amyl acetate, 1 gal. 
benzol, j gal. acetone. In tUs ditt* 
solve io oz. of pyroxyline (celluloid). 
Add the metallic powder. 

BooKWNDLUJi,’ Varnish.— (a) 6 oz. 
mastic, in drofs ; 8 oz. coarsely- 
pounded glass, separated from the dust , 
by a sieve ; 82 oz. s]>iritb of wind of 
40°. Place the ingredients in a sand | 
bath over a ire, and let them boil, i 
stirring them well. When thoroughly 
mixed introduce 8 oz. spirit."! of turpen- { 
tine, boil for half an hour, n'niove 
from fire, cotil and strain through 
cotton cloth, (h) 8 pints of spirits of 
wine of 40° ; 8 oz. sandarach ; 2 oz. 
mastic, in drops ; 8 oz. shellac, and 
2 oz. Venice turpentine. Prepare as 
for (a). Apply lightly on the book 
with a piece of cotton wool, a small 
sponge or a brush. 

Japanner’s Gold Size.— To 
make 40 gal. of gold size, put ICT* ^al. 
of oil into the iron set pot, Fig. 284, 
make a good fire under it, and boil for 
two hours ; then introduce 7 lb. of 
dry red-lead, 7 lb. litharge, and 3 lb. 
of copjieras, by sprinkling a little at a 
time ; let the oil keep Ixiiling all the 
time, not in too great a heat. During 
the time of putting in the driers, keep 
stirring them from the bottom of the 
pot, and have the large inm ladle ready 
to cool it down if it should appear to 
rise too high ; have also at hand an 
empty pot — the copper boiling pot wHl 
do — into wliich immediately ladle part 
of the boiling oil, if it cannot other- 
wise be kept in the pot, while the 
assistant is damping the hre with wet 
sHted ashes, of which there always 
ought to be a wheelbarrowful at hand, 
in case of an accident. 

When the oil has Iwiled about three 
hours, and the driers are all in, fuse 
in the gum-pot 10 lb, of gum anime ; 
and during the time of fusing, heat 
2 gal. of raw linseed oil in the cop{)er 
pouring jack, by placing it on the 


plate of the gum furnace. After the 
oil has been poured to the gum, and- 
as soon as it appears boiled clear, take 
the gum-pot from the fire ; let it cool 
for a few minutes, then pour it into the 
oil in the set pot. Wash out the gum- 
pot, and proceed with another run in 
the same way. 

W hen both runs of gum are in the 
set fwt, there are altogether 14 gal. of 
oil, 20 lb. of gum, and 17 lb. of driers ; 
increase and keeji uj) a regular fire in 
front of the furnace, that it may be 
drawn out in a moment if it should be 
necessary. The gold size will soon 
throw up a frothy head on the surface, 
which must be kept down by con- 
stantly plying with the ladle when it 
is likely to rise within four inches of 
the fKjt-edge. In about five hours 
from the loginning of the oil boiling, it 
will l)ecome stringy ; but the boiling 
must continue until it hangs to the 
ladle, appears quite stringy, yet drops 
in lumps. When tried upon the glass, 
if it feels sticky and strings strongly, 
then it is boiled enough. Draw out 
the fire, sprinkle it with plenty of 
water ; leave not a spark of fire in the 
varnish house—not even a lighted pipe 
of tobacco. 

While the maker is cooling down 
the pot, let the assistant have ready 
at the door 80 gal. of turpentine, fill 
the pouring pot ready, and have all 
the doors open. Endeavour to cool 
it as fast i\.s possible, as it will require 
at the least one hour and a quarter 
after the fire lias been put out before 
it will be ready to mix. When the 
mixing commences, continue the pour- 
ing without intermission, until all the 
froth at the surface disappears, never 
stirring it until the turpentine is all 
in. If pouring in the turpentine has 
commenced wjpile it is too hot, there 
will be a great loss of turpentine by 
evaporation ; but that will not injure 
the quality of the gold size. 

Place the carrying tin close to the 
side of the pot, lay on the tin saddle, 
and strain off as quickly as possible. 
Wlieii all the gold size is out, ^ur into 
the set pot about 8 gal. of turpentine 
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washings, and with the swish, wash 
down the pot as quickly as possible ; 
and if the pot is still so hot as to 
evaporate the turpentine, ladle it out 
into the washings again, and pour in 
about three gal. of raw linseed oil ; and 
with a palette knife scrape it all round, 
washing and cleaning it down with a 
rag until it is quite cleansed all round, { 
then ladle out the oil, and wipe it ^ 
completely clean and dry. The gold ; 
size ought to dry in from fifteen to ! 
twenty-five minutes, and in fourteen 
days it is ready for use. Experienced 
m^ers can make gold size that will 
dry in five minutes, but that requires ' 
great practice. | 

PhotOj^aphic Varnishes.— A 1 
solution of shellac in methylated spirit 
forms the basis of varnish, and a sim- 
ple varnish so made will answer for all 
rough work ; but where delicate re- 
sults are wanted, it must be paler in 
colour, and for this purpose use ' 
* ' bleached shellac. ” Bleached shellac 
dissolved in spirit, however, is not 1 
nearly so hard and tenacious as that i 
from the orange shellac. A good strong | 
coating of it is readily scratched by the | 
finger-nail — a contretemps so likely to ■ 
occur in printing that such a varnish 
cannot be recommended. White shel- 
lac is made by dissolving ordinary shel- 
lac in caustic alkali, and then treating 
the solution with chlorine, which at 
one and the same time decolorises and 
precipitates it. This process, though 
it ju^uces a pale resin of great value 
for many economical purposes, causes 
the resin to lose many of those proper- 
ties that specially fit orange lac for use 
in photographic varnish. One of the 
peculiarities of white lac varnish is the 
frequency with which it dries into a | 
multitude of fine ridges, which no | 
rocking of the plate to and fro during 
cbaming and dr^ng will prevent. But 
for nlenesB of colour in the coating 
oktamed from it nothing can be better, 
a^d nr a mixture of the two resins — 
that is, the bleached and the un- 
Ueaohed>— the o]:^tioiiable qualities 
of both seem eitiii^ covered or greatly 
minimised. Tlus mixture in suitable 


proportions constitutes the chief part 
of the varnish recommended. 

Experimenters with “ bleached,” or 
as it is often called, “white lac,” 
must know that unless it be properly 
stored it practically loses its solubility 
in spirits of wine ; and many cases of 
failure in vamish-making are caused 
through the purchaser being supplied 
with a sample that had .become insolu- 
ble. Of course thiS* would not be 
like^ to occur in a place where the lac 
was m great demand ; but many of our 
readers live in places where photo- 
graphic — indeed, any r»ce— chemicals 
are most difficult to get, and when ob- 
tainable are not always in good condi- 
tion. However, in the case #f white 
lac, where the experimenter is ignorant 
of the appearance it should present, he 
can easily test a small quantity if he 
have any doubt in the matter. It 
should be crushed or pounded into 
small pieces before adding to the spirit, 
as even in the beet samples a large pro- 
portion entirely insoluble always exists, 
and a clear solution must not be ex- 
pected. Its solubility or the reverse is 
soon discovered by noticing whether 
the small particles begin to disint^- 
rate, as it were, or retain their shaip 
outlines. 

A good indication of insolubility is 
the outer layer of the round pieces or 
sticks turning semi-transparent. The 
plan usually adopted to prevent this 
change taking place is to keep the 
bleached lac in the dark and covered 
with water, when, if it remain to 
covered, it will retain its solubility in 
spirit for a lengthenetl period. 

The third and last ingredient in this 
varnish is sandarach. 1 1 is well known 
by varnish-makers tliat, when resins 
are mixed and “ blended,” the char- 
acter of the solution or vamitii is not 
I by any means of necessity an avengs 
' of the characters of the resins taken 
I separately, and such is the case with 
sandaraeL This resin taken by itself 
I gives a varnish that is quite useleef 
I from its brittleness, but when added 
to a shellac varnish it confers a portion 
I of its own quality of brightness of sur- 
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face, which it possesses in a high 
degree, but does not, in moderate quan- 
tity, tend to make it “rotten.” 

The formula for a varnish devised on 
the principles above enunciated is as 
follows : — 

Palest orange shellac . . 2| oz. 

Blejiched lac . . . .6^ oz. 

Sandarach | oz. 

Methylated spirit . . . 1 qt. 

Bruise the bleached lac till reduced 
to small pieces. Powder the sandarach, 
and then add the whole to the spirit, 
putting in a small pieces of glass 
to prevent the shellac caking at the 
lK)ttom of the jar ; stir or well shake 
the whole from time to time, till it is 
evident that solution is complete. All 
that is then necessary is to set aside to 
clear, pour off the clear, supernatant 
fluid, and filter the rest. It is best to 
allow a month or two for subsidence, 
for, the insoluble part occupies so large 
a space that much waste through eva- 
poration, etc. , is caused if an unneces- 
sarily large quantity be passed throtj^h 
the filter. 

(2) Quick-drying Varnish for Ferro- 
types. — A very good and hard varnish 
us^ for negatives which have to stand 
far more handling than a ferrotype is 
composed of equal parts of white hard 
spirit varnish and alcohol. Warm the 
plate, and apply as collodion, pouring 
off the superfluous (quantity ; slightly 
warm again, and on cooling, which 
takes place in a minute or two, a fine 
hard coat of varnish will be found — so 
hard that it can scarcely be scratched 
with the finger-nail. The process used 
for ferrotypes is very similar to that 
for glass positives, with the exception 
that a special kind of collodion should 
be used so as to produce a thin deposit 
with considerable detail. 

(3) Elastic Dammar Varnish. — An 
elastic flexible varnish for paper, which 
maybe applied without previously siz- 
ing the aHide, is prepared as follows ; 
Crash transparent and clear pieces of 
dammar into small grams ; introduce a 
oonvenient quantity>~Bay 40 gr.—into 
a flask, pour on it about 6 oz. acetone, 


aod expose the whole to a moderate 
temperature for about 2 weeks, fre- 
quently shaking. At the end of this 
time, pour off the clear saturated solu- 
tion of dammar in acetone, and add, 
to every 4 parts varnish, 3 of rather 
dense collodion ; the 2 solutions are 
mixed by agitation, the resulting 
liquid is allowed to settle, and pre- 
served in well-closed phials. This 
; varnish is applied by means of a soft 
I beaver-hair pencil, in vertical lines. 

I At the first application it will appear 
as if the suriace of the paper were 
J covered with a thin white skin. As 
; soon, however, as the varnish has be- 
i come dry it presents a clear shining 
surface. It should be applied in 2 or 
3 layers. This varnish retains its 
gloss under all conditions of weather, 
and remains elastic ; the latter quality 
adapts it specially to topographicid 
crayon drawings and maps, as well as 
to photographs. (‘Pham. Central- 
halle.’) 

(4) For Prints.— Heat a pieceof glass, 
and rub a little wax over it with a bit 
of cotton-wool. Pour water over the 
plate, and press the picture down upon 
it with a piece of filtering paper. When 
dry, the picture isremov^, and will be 
found to possess a brilliant surface. 

Bemoving: Varnish from 
Prints. — 1. Begin at the corner of 
the print by rubbing up the varnish 
with the ^gers; a fine white dust 
will be produced, which is the dry 
old varnish; proceed all over the 
{Hint, and wipe off this white dust 
with a rag. Repeat until the print 
has lost most or all of the old 
varnish. Now strain the print on 
a drawing-board, size with we^ parch,- 
ment size ; when dry, size again with 
the same size ; use the size half chilled ; 
when perfectly .dry, apply mastic or 
other varnbh. 

2. Liy blotting-paper on l^e print, 
and saturate wrim pure spirit, whioh^ 
will dissolve, and the blotting-paper 
absorb the varnish. Change the blot- 
ting paper, and repeat m often as may 
be neemul. 

I ETOHiita Vabnishes.— W hite wax, 
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2 oz. ; black and Burgundy pitch, of 
each I oz. ; melt together ; add by 
degrees powdered asphaltum 2 oz., and 
boil till a drop taken out on a plate 
will break when cold, by being bent 
double two or three times between the 
fingers*; it must then be poured into 
warm water and made into small balls 
for use. 

Hard . — Linseed oil and mastic, of 
each 4 oz. ; melt together. 

Soft . — Soft linseed oil. 4 oz. ; gum 
benzoin and white wax, of each J oz. ; 
Ixiil to two-thii'ds. 


Ventilation 

PRINCIPLES AND METHODS. 

(a) The following is extracted from 
a valuable paper, read by Arthur liigg, 
C.E., before the Royal Society of Arts. 

Tlie movements o^ hrge volumes of 
air for purposes of summer or winter 
voetilation may be carried out gene- 
rally in three ditferent ways, already 
noted : — 

1. By vacuum (drav^'ng air out of a 
room). 

2. By plenum (forcing air into a 
room). 

3. By a combined plenum and 
vacuum system. 

Furthermore, admission of fresh air 
may take place— 

(а) At the floor of a room. 

(б) At, or near, the top of a room. 

(c) At interme^te levels. 

Where special exits for foul air are 

provided, these may be situated at the 
top of a room for ascending currents, 
or at the floor of a room for the de- 
scending current system of ventilation. 

The three systems of working with 
the six variations in admission or 
extraction of air give possibilities of 
great variety in the arrangements, 
which is very fortunate, as no liard 
or fast line can be maintained, for 
every position requires its own special 
consideration ; and once the correct 
general principles are firmly rooted in 
people’s minds, their application to 
suit every variety of condition is com- 
paratively a simple matter. 

Vacuum System. — This, the 
commonest system of ventilation, 
when applied to large halls, requires 
a powerful suction ventilator, generally 
fixed in the top of a room ; and usually 
no |»*ovision whatever is made for an 
adequate supply of fresh air, conse- 
quently cold air is sucked underneath 
doors, flooding the floor with a layer 
of low temperature ; also through 
cracks and crannies, causing high 
velocity draughts, which travel great 
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distances, and produce any amount of 
discomfort and injury to healt^. 

In ordinary dwelling-rooms the fire 
acts like the ventilator in ^rawing air 
out of dwelling rooms. As a rule, the 
first draught of importance is that 
under the doorway, while leaky win- , 
dows contribute their quota, and an | 
altogether surprising amount of air is 
drawn through the solid walls. In an 
ordinary living-room, with a fireplace, 1 
an almost idealist perfect system of i 
ventilation can lie carried out by ad- i 
mitting fresh air in divided streams into 
the upper parts of such rooms, where it j 
may mix with tlie warmer strata it 
finds there ancf gradually descend and j 
pass away eventually up the cliimney. 1 

Innumerable buildings and large ■ 
assembly rooms are ventilated on the ] 
pure vacuum system, and there i.s not | 
a town of any mcxlerate size in the i 
kingdom which cannot furnish ex- i 
amples of this most barbarous arrange- i 
ment. In London we have the School j 
Board, and numerous schools ; and I 
nearly all the theatres come in the ' 
same category. Then such places as 
the United Service Institution theatre 
excel in the perverse ingenuity which 
does not allow a single sq. yd. of its 
area to be free from draughts ; also 
such places as Prince's Hall, Piccadilly, 
the new “ Empress " Rooms, and other 
places sucli as the meeting-rooms used 
by the British Association in the 
several towns they visit, and hosts of 


Tobin Tube. — Fig. 289 represents 
a section, and Fig. 290 an elevation 
of a Tobin tube, at the Royal Institu- * 
tion, Alberaarle-street. It is of the 
most modem design and proportions, 
and its vertical flat inlet tube measures 
12 in. by 3 in. Its total height above 



the floor is 5 ft. 3 in. The outlet is 
20 in. wide at the back, and 18 in. at 
the front, with a seven in. wide open- 
ing at the top ; provided with a thin 
wire netting as cover. 


assembly rooms are deluged with cold I 

air in this unscientific fashion. Some j Thus the sectional | _ 3 ^ 
times, however, special inlets are pro- for hdet . f 

vided for admission of fresh air in con- • sectional 1 _ 233 

siderable volumes. When such inlets j f*’*' outlet . j ” 


are made in the form of the well-known I 
Tobin tube it is found that part of the 
air makes straight for the ventilator ; 
wlule the remainder, having no velo- 
city, tumbles in cold masses, by the 
action of gravity, upon the hea^ of 
the audience. Moreover, as there is 
DO intimate mixture of the fresh 
supply with that already in the room, 
some parts of the room have their air 
unmoved and left in a condition of 
complete stagnation. 

4 


A current of air rising up the tube 
would have its velocity reduced in the 

proportion of increased to J by 

frictfon (approxibiately), when treated 
as a current of air. When a tube of 
this character is applied to a room filled 
with warm air, there would not be 
sufficiently high velocity to cause it to 
rise among a volume of air posaessing 
greater heat, and less specific gravity 
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consequently, cold douches would fall 
upon the hei^s of those who happened 
to be sitting underneath or near to this 
inlet of fresh and cold air. The inten- 
tion in this apparatus seems to be to 
destroy most of the velocity which the 
current would otherwise possess on 
entering the room, and it is not easy 
to see why such an object should have 
been put forward by the designer, 
unless, perhaps, it was from a desire 
to counteract 
some of the ten- 
dency of the venti- 
lating arrange- 
ments in the roof 
to absorb all the 
cold air coming 
from the Tobin 
tube before it 
could serve the 
intended purpose. 

Royal So- 
ciety of Arts 
Ventilator.— 
Fig. 291 represents 
a section of the 
ventilating ar- 
rangements of the 
Royal Society of 
Arts room.* This 
system was de- 
signed by Mr. E. 
C. Robins, the 
architect, and it 
occupies all the 
north side, and 
about half of the 
eastern side. It 
consists of a kind 
of dado, placed 
5 in. in front of 
the wall and standing 10 ft. high— on 
the north side, five inlets below, led up 
a^iain outside, admit air from the street, 
direct to the fi-inch space between the 
dado and the wall. Hot-water pipes 
are provided to warm the incoming air, 
quite independently of the hot-water 
pipes which warm the air already 

* Thie teom shares with the United Service 
lostitH»ion the unenviable repuUtlon of beiug 
one of the dranghtleBt public rooms In London. 
CKnnoa). 




, in the room. The inlet openings are 
I 10 ft. above the floor, covered with a 
I somewhat close grating 6 in. wide, and 
I along the whole (northern) side of the 
; room, and also along the portion of the 
eastern side, which latter is illustrated 
I by Fig. 291. The grating for this 
portion measures 11 h. long by 6 in. 
wide, of wliich area about one-half ia 
! closed by the grating bars. There is 
; only one inlet grating provided for this 
11 ft. long outlet, ai'i'it measures 24 
j in. by 12 in., with a clear area of about 
2(T0 sq. in. ; iulet to room, clear area 
about 400 sq. in. ; so the same object, 
•.rendering the velocity ^ith which the 
I air enters the room, seems to have been 
! present in the mind of Mr. Robins 
j when he designed tliis arrangement. 

What with tortuous inlets, obstructive 
I hot-water pipes and other hindrances, 

I the ratio between clear inlet and clear 
j outlet must be greater than the propor- 

I tion of one to two. The air will fall as 
shown by the arrow on Fig. 291, and 
that it works at all is more due to the 
operations of the law of difiusion of 
gases than to the design itself. 

. The Plenum System.— By the 
plenum system, pure and simple, fresh 
I air is forced into the room at any con- 
I veoient locality, so no stagnant places 
I need occur ; and “ foul ” air finds its 
way out by open doors, windows, or 
leakages ; in fact, tlirough the very 
openings whereon advocates of the 
vacuum system rely for providing 
their supply of fresh air ! The plenum 
system is independent of winds and 
weather; and indeed each system is 
essentially the opposite of the other. 

Combined Plenum and 
Vacuum System.— By the com- 
bined operation of plenum and vacuum, 
considerable volumes of fresh air can 
be forced into a room, and a oorre- 
1 spending quantity can be extomtedby 
a ventilator, situated generally on the 
i roof. 

j But by whatever method a supply 
I of fresh air enters a room, there are 
1 two grand divisions in which its dis* , 
' posal can be arranged— 

I 1. As a general upward from 
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floor to ceiling, or roof, and ouj at the 
top. 

2. As a general downward flow, from 
ceiling to floor, or roof to floor, and 
out at the floor. 

It is differences in temperature, 
corresponding to differences in weights, 
that cause gravity to give movement 
to air all over the globe ; and, so long 
as the air in an assembly-room is cold, 
it is easy to se^ ^hat the breath will 
ascend if directed upwards, or descend 
when directed downwards. As the 
temperature of any assembly-room 
rises the differences become less, and 
the watery va^ur condenses on win- 
dows and walls, or else sinks down, 
and would find its own exit were it 
not disturlxKl by strong currents of 
air due to the patent extractor on the 
roof, which is often quite strong 
enough to interfere w'th the action of . 
natural laws. 

Human lieings are designed so as to ' 
live a great jiart of their lives in build- 
ings, or sheltered places, so the direc- j 
tion allotted to their exfielled breath 1 
is downtoards ; but horses and other j 
animals intended always to live in the' ' 
open air, and clothed accordingly, 
expel the breath from their nostrils 
sideways, as well as downwards. Both 
these arrangements arc hints given by 
nature, which we should do well to 
consider, for they will not lead us 
astray, like an incomplete theory, and 
we learn that the simple law that hot 
air rises and cold air falls, must not , 
be accepted without reservation. In- i 
deed, it is this law, so stated, wliich 
in matters concerning ventilation, lies 
at the root of the thousand and one ' 
failures we see about us. Moreover, ! 
this theory cannot account for a single 
example of a room or iiall ventila^ 
without draughts, due mainly to an , 
exhaustei in the roof. 

For what they may be worth, 

“ authoritieef ” of equal importance 
can be quoted in favour of upward 
ventilation or of downward ventila- 
tion; but in this, as in all other 
scientific questions, it is the eteriml 
laws of nature that we have to study 


and ascertain, without any servile 
deference to “ authorities ” who, after* 
all, are only fallible human beings like 
ourselves. 

While it is quite true that hot air 
ascends, because bulk for bulk it is 
lighter than cold air, it is also true 
tliat carbonic acid gas, discharged from 
the lungs, is half as heavy again as air 
of corresponding temperature ; and 
the feeble force whereby air may be 
caused to ascend cannot prevail for 
long against the heavier carbonic acid 
gas wiiich falls to the ground while 
cooling, and obviously ought to be 
extracted there to rest near the earth, 
and feeii the grasses of the field. 

In regard to the ventilation of 
buildings it is too often assumed tliat 
there is no hajipy medium between 
that of breathing air utterly foul and 
a system so profoundly scientific that 
by no chance shall any part of the air 
tliat has been once breathed enter the 
lungs. 

The common -sense system mixes 
fresh air with that wliich lias been 
breathed, or may be breathed again, 
and it does this without draughts or 
appreciable inconvenience, while the 
over-scientific system sends large 
VO limes of cold or heated de-vitalis^ 
air into the room, and expects the 
forceful, irregular currents to travel 
in all sorts of ingenious ways that no 
independent currents would ever be 
likely to follow under any natural 
impulse. 

The most promising foundation 
system for a proper and perfect venti- 
lation is found in the Tobin tube, or 
Mr. Hoey’s arrangement, or the plan 
now working at the Royal Society of 
Arts. But in all such examples, the 
minor details and general proportions 
are hopelessly wrong. The out-door 
inlet-gratings possess an area very 
muck less than the outlets in the 
room, for the avowed purpose of re- 
ducing the discliaige velocity into the 
room ; consequently, much of the 
fresh air (which is drawn in by Um ' 
suction of an exhauster in the root) 
travels directly out through this ex- 
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haUBter ; conferring but little benefit 
to the audience. Fortunately, how- 
ever, some scattered portions of air 
mix by the laws of difiusion, while 
there are other portions which tumble 
out of the wire grating or mouthpiece 
of the apparatus, thus causing those 
persistent draughts for which the Tobin 
tube and, in a less degree, the appa- 
ratus in this room are famous. 

Very little alteration would be 
necessary to greatly improve this 
apparatus ; indeed, almost to make it 
a pattern for copying elsewhere. In 
the first place, a fan or other apparatus 
should be added, so as to r^ulate the 
amount of fresh air admitted, accord- 
ing to the season and the audience. 
As mechanical power would thus be 
available, the effects of contrary winds 
might be neglected. 

Of course, the existing exhaust ven- 
tilation, and all the openings in the 
roof, should be closed ; as the system 
would be converted from a vacuum 
into a plenum system, and from an 
upward-flowing current into a down- 
ward-flowing current, having for its 
inlet a narrow slit along the entire 
north, and along 11 ft. of the eastern 
side of the room. Entering air n^ht, 
when necessary, be warmed in winter, 
and cooled in summer ; and all vitiated 
air (i.e. CO, and water) would pass 
out through openings below. 

A suite of rooms, erected in 1898 
at the Royal Botanic Society’s Gar- 
dens, Regent’s-park, in London, has 
been provided with a system of natural 
ventUation, which the author considers 
as nearly as possible perfection, sub- 
ject, however, to the one defect of 
being interfered with by contrary 
winds. This building runs almost due 
north and south, and advantage has 
been taken of the prevailing winds 
(which are south-west and north-east) 
to apply the inlet arrangements to 
hath sides of the building, so that one 
nr other can be relied upon. Of course, 
It would have been detirable to have a 
fan to make sure of a suitable current, 
but this could not be done, as no 
motive-power was available. 


This suite of rooms consists of— 

Entrdhce-HaU. — 21 ft. 6 in. by 

17 ft. and 18 ft. high (not specially 
ventilated).' Heated by two raptors, 
each 21 in. diameter by 3 ft. hi^h. 
Lighted by three Welsb^h gas incan* 
descent burners. 

Dramng-Room . — 22 ft. 6 in. by 
26 ft. and 18 ft. high. Ventilated by 
three ventilators on west side only. 
Heated by one radiaton on north side 

4 ft. by 3 ft. , one oil east side 4 ft. 
bjt 3 ft., and one on west side 4 ft. by 
2 ft. 5 in. Lighted by seven Wels- 
bach incandescent gas burners. 

Library . — 22 ft. 6 in» by 17 ft. and 

18 ft. high. Ventilated by two venti- 
lators on west side only. Heated by 
one radiator on east side 4 ft. by 3 ft., 
and one on west side 4 ft. by 2 ft. 

5 in. Lighted by two Welsl^h in- 
candescent gas burners. 

Dining or Ball- Room . — 30 ft. by 
45 ft. and 18 ft. high. Ventilated by 
ten ventilators, five in east and five 
in west sides. Heated by six radiators, 
each 4 ft. 7^ in. long by 2 ft. 5 in. 
wide. Lighted by twelve Welsbach 
incandescent gas burners. 

(7a/A-30 ft. by 35 ft. and 18 ft. 
high. Ventilated by four ventilators, 
two on east and two on west side. 
Heated by two radiators, each 4 ft. by 
2 ft. 5 in. Lighted by six ordinaiy 
gas burners. 

A section of the dining or ball- 
room is given by Fig. 292 j and a 
section of one ventilator to a large 
scale is shown by Fig. 293. The room 
is 18 ft. high from floor to ceiling, and 
the roof ib hermetically sealed, having 
no openingB whatever. No speciiu 
provision is made for the exit of 00, 
from below, as the doors and usual 
cracks and crannies are found to be 
sufficient. 

The room is lighted by twelve Wels- 
bach incandescent gas burners, so there 
is a considerable amount of heat to be 
1 disposed of. Fresh air is admitted by 
ten inlets, five being on each side. 
These are set at about equal intervals 
apart along the room, and 2 ft. below 
the springing of the roof, or ceilil^. 
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Each inlet grating ie provided with a the draughts below, and the whole 
sliding shutter, whereby the tfrea open , barbarous arrangements takes a toll of 
can be regulated. Although the “ air i human life which it is perfectly appal- 
bricks ” measure 11 in. by 16 in. out- ' ling to contemplate, 
side, the clear area is but 30 aq. in. ■ It would be impossible within the 
for each ventilator. The inlets to the limited time allotted to any one paper, 
room measure 16 in. X 3 in. = 48 sq. to enter into all the aspects of efficient 
in. , or one-tlurd of a scjuare foot, and ventilation, for each case must be 
when tested by an anem(<meter, the separately considered. It is more of 
current varied considerably, generally an engineer’s than an architect’s work 
reaching a spesd of 300 ft. per minute to provide proper ventilating arrange- 



and sometimes the current reversed. 
The results of these arrangements have 
been quite satisfactory, tWe is a com- 
plete absence of draughts, and of those 
cold douches of Arctic temperature 
which make so many assembly-rooms 
in town or country models of discom- 
fort and veritable death-trafjs. Most 
of such rooms are decorat^ with a 
lavish generosity, while no care what- 
ever is ^ven to ventilation, scientific 
or otherwise. Such rooms are con- 
tentedly supplied with a big hot-air 
extractor in t^e roof, which creates all 


ments, and several points may be 
expressed, in conclusion, giving the 
author’s views upon this important 
subject. 

1. Ventilation should, as far as pos* 
sible, be carried out by the plenum, 
and not by tl^e vacuum system. 

2. Fresh air should be introduced 
as an upward current from openings 
above the heads of an audience, but 
not so high as the ceiling. It should 
be driven in divided streams into the 
upper part of the room, so as to mix 
with warm air already travelling there. 
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3. Exits for carbonic acid, dust, and 
i^atery vapour should be provid^ at 
)r near to the floor level, if required. 

4. The roof or ceiling of a properly 
ventilated chamber should be her- 
metically closed. 

6. Open windows should only be 
used during warm weather, never in 
winter. 
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6. As natural draughts cannot always 
be relied upon, fans, or a furnace, or 
other means of firoducing artificial 
draughts should be resorted to— when 
necessary. 

Local convenience, surrounding 
buildings, and sources of pure air are 
bound to require many modifications 
in arrangements, and the general 
priucinles advocated in the present 
p tper are capable of an almost infinite 
vanjty in application. 

Volume OT Air Required per 
m Rooms.— In the relative 
sizes of air ducts, etc., given further 


on, the comparative areas for the inlet 
and ventilating shafts are included, 
and for residence work this may be 
worked to* without considering the 
number of people that may be occa- 
sionally gathered in a room. When, 
however, the work is in public placM, 
institutions, schools, etc., it is neces- 
sary to consider the number of occu- 
pants, and furnish a supply of new air 
and remove a volume pi vitiated air 
that amounts to so Inuch per head. 
Referring again to residence work, or 
the' like, there are usually brick-built 
chimneys to all the principal rooms in 
I a house, and these serve* excellently as 
! extract ventilating shafts, assuming 
I they have a normal up-draught in them. 
If, however, a house or place was 
Uu It expressly to be warmed by heated 
air, and chimneys were dispensed with, 
then ventilating shafts would have to 
be provided as a deUul in the building 
construction, and the rule that is 
given a little later on should be worked 
to. Ordinary chimneys may be said 
never to err on the side of being too 
small to ventilate any room in a resi- 
dence, and it is only when ducts for 
the vitiated air have tp be made or 
built expressly that their size must be 
calculate. 

When the extraction of cooled ahd 
vitiated air and the supply of new 
warmed air has to be calculated at per 
head, then the two following tables 
must be worked to : — 

Customary Volumks of Air 

ALLOWED PER PBR-SON IN INSTITUTIONS 

AND Public Places. 

Cubic feet 
per minute. 


I Schools, infants . . . . 28 to 30 

„ scholars of full size 00 ,, 32 
I ,, dormitories . . 25 „ 28 

j Workrooms, slight exertion, 

I air not vitiated by the 35 „ 40 
i trade followed . . . 

„ full exertion . 45 ,, 60 
Public halL, meeting rooms 35 

; Ball rooms 46 

' Theatres, dining halls . . 35 


Hospitals, ordinary wards] 
and rooms . . . . j 
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Volume op Air, in Cubic* Feet, 
Extracted per Minute by a 
Ventilating Shaft • op One 
Square Foot Area. 

No allowance made for friction ; 
deduct 36 to 50 per cent, for this, 
according to height and si/e of shaft. 


HelKht E35 p* 88 of Tpiiipfraturc of 

of Air enter*ig the Vt iitilatmg Nhuft, 
Venti- above the Kxlciual Air 


lating 
SbAfi In 



t 

Feet. 

6° 1 10° j 15° 

20° 25° 

30° 

10 

IK) 164 200 

1 

235 260 

284 

15 

M2 202 245 

284 318 

348 

20 1 

164 232 285 

330 368 

404 

26 ! 

184 260 318 

368 410 

450 

30 

201 284 347 

403 450 

493 

35 

218 306 376 

430 486 

,531 

40 

236 '329 403 

465 518 

570 

45 

248:348 427 

493 5,51 

605 

50 

260 367 450 

i 

518 579 

636 


It is requisite to mention that a 
ventilating shaft must have the same 
consideration as a smoke flue in regard 
^ to its upper termination. Although 
the table may show that a short shaft 
will meet the requirements, still it 
must go to the top of the building and 
up above its highest ridge. If not, it 
will suffer with down-blow or retarded 
up-draught (when certain winds are 
blowing), the same as a fireplace chim- 
ney. A ventilating shaft must be 
considered as a chimney in regard to 
its height and the conditions which 
ensure its having a permanent up- 
draught of regular speed. 

If "these shafts are built in brick- 
work during the construction of the 
building, they may be carried up sepa- 
rately and terminate either singly or 
in stacks as brick chimneys do, but if 
a hot-air apparatus is installed in an 
existing building and the heating engi- 
neer has to provide metal ventilating 
shafts, then it is the custom to connect 
several, or all of them, into one main 


shaft (which usually runs along or 
through the attic or roof space) and 
carry this up and out like a chimney.* 
It would not be possible, nor sightly, 
to carry a number of single metal 
tubes up through a roof. In certain 
necessary cases a gas ring is put in the 
base of the main shaft to stimulate the 
draught, or a mechanically driven air 
propeller. 

Buies for Calculating Sizes 
of Cold and Warm Air Ducts, 
Registers and Ventilating 
Shafts. — Residence or similar work 
only, in which each person has about 
400 cub. ft. of space. For institutions 
sec previous table. 

Heaters, 8 to 9 sq. ft. of heating 
surface per 1000 cub. ft. of space in 
the rooms to be warmed. 

This allows fora low temperature 
heating surface. Wann-air ducts to 
ground floor, 50 sq. in. area per 1000 
cub. ft. of space in the rooms to be 
warmed. 

Ditto, ditto, first floor, 40 sq. in. 

Ditto, ditto, second floor, 32 sq. in. 

Cold-air duct to stove chamber, 
three-fourths the total area of the 
warm-air ducts. 

Grating to cold-air duct, if lined 
with wire gauze, double the area of the 
duct. 

Registers or gratings in rooms, 
through which the warm air is de- 
livered, one-fourth greater area than 
the warm-air ducts which serve them." 
This ensures the gentle delivery of 8 
ft. to 4 ft. of air per second, and caus- 
ing it to spread out as it enters. The 
area of a register grating is that of the 
open Bi)aceB in it. The metal portion 
averages one-fourth to one-thira, the 
latter most usually. 

Extract ventilating shafts or ducts, 
which carry off the cooled and vitiated 
air, ground floor 32 sq. in. area per 
1000 cub. ft of space in the room. 

Ditto, ditto, first floor, 40 sq, in. 

Ditto, ditto, second floor, 60 sq. in. 

Registers or gratings of ventilating 
shafts, the same area as the shaft, but 
this area must be that of the open 
spaces of the grating. The metal iof 
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tion averages one-fourth to one-third, 
the latter most usually. 

Areas of round pipes (for cellars) 
can be ascertained by deducting one- 
fifth of the area if square ; thus an 
8 X 8 in. square pipe has 64 sq. in., 
while a round pipe of 8 in. diam- 
eter would have nearly .^1 sq. in. 

The following is a simple rapid table 
for round pipe ; 


Diaim'tprof 
Bound Pipe. 

Will Serve 
a Ground 
Huopllocm. 

Will Serve a 
First Fl4M>r 
Boom. 

ill. 

It, 

ft. 

8 

10x11 

12x12 

9 

12x12 

12x15 

10 

12x11 

14x17 

11 

14x16 

16x18 

12 

15x18 

1 18x20 


A 7-incU pipe may b*' usfd for rioak rooms, 
small ^th roonih, etc. 


There now remains to be described ' 
a means of arranging for a hot-air ' 
apparatus to either heat a continuous ! 
stream of new air (as already described) 
or to partially or wholly heat and re- 
heat the air already existing in a place. 
In schools, places of worship, public 
halls, and the like, which have to be 
warmed some time before they are 
occupied, there is effected an economy 
in fuel and, particularly, an economy 
in time, if the apparatus is first devot^ 
to heating the air contained in the 
place without heating a stream of new 
cold air all the time. It will Ije seen 
that there is no occasion for a full and 
constant change of air when the place 
is unoccupied, and the trouble expe- 
rienced in all public places which have 
to be heated up each time they are re- 
quired for use is the long time taken 
in gettmg the re^uir^ warmth. 
Again, there are places wliich have a 
vaiying number of occupants, and if 
the ventilating arrangements are suited 
for the maximum number, there is no 
reason why tiiis should not be checked 
andthecontaihedair partially re-heated 
^'l^eu the number of occu^iants is 


j much ^low the maximum. This eco- 
I nomises fuel and labour. 

In some experiments carried out to 
ascertain t'he best and worst points at 
which registers might be fixed, which 
were conducted in a small room— a 
model schoolroom — the warmed air 
was made visible by smoke. The 
best results were obtained with the 
roisters both on one side of the room, 
as ju8trecommen<le4. ' Air intnxluced 
at a greater velocity than usual might 
' aftor these results, but in warm-air 
work the velocity should never exceed 
5 cub. ft. per second, while 3 ft. to 4 
ft. is decidedly betf!er, as already 
stated. 
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Vinegars. ^ 

(a) To 14 bushel of malt add 10 , 
gal. of water at 170® F. (or closely i 
thereabouts), stir for half an hour, then 
strain oflF the clear liquid. Put another 
10 gal. of water to the malt and pro- 
ceed as with the last. Lastly, put 
5 gal. c»f water* to the malt and treat 
this the same, 'rtiis (juantity of water 
will then have exhausted the mjjli. 
Mix the 25 gal. of liquor and cool as 
quickly as possible to 70® F. Add 
yeast, stirred tn, and cover the pan. 
Allow to ferment for 30 to 36 hours, 
then carefully strain off the wort and 
fill it into casks. These must not be 
filled more three-quarters full. The 
casks are set on their sides, as a 2-in. 
hole (or several smaller holes) must 
be l)ored in each end (al»ove the line 
of the liquor) to allow air to enter 
freely. Let the casks be put in a 
cool, airy place for the acetification to 
take place. The latter will take from 
four to six months, and on completion 
the liquor, now vinegar, is filtered. 
This is a slow process, but yields a 
good result. A quick process is as 
follows. 

(ft) Take a sound cask or barrel and 
prepare it as f«)llow8. Put a false 
bottom in, this bottom to be bored 
with holes. On this perforated bottom 
put hard wood shavings, preferably 
beech. Near the top insert another 
perforated partition, but in the per- 
forations of this one tit short lengths 
of glass tulw to stand up about an inch 
above, and in these tul>es put some 
cotton wicking so that liquid will only 
pass through slowly, drop by drop. 
A tube to discharge the vinegar 
automaticAilly, it being a siphon, 
will act each time the vin^r rises 
(in the cask) as high as its neck. 
Around the space between the false 
bottom several holes are bored to a<lrait 
air. These holes must, of course, be 
above the neck of the siphon. The 
shavings should be boiled previous to 
putting them in the cask, or they may 


be put in the cask first and boiling 
water poured through until it comes, 
away clear and colourless. The pro- 
cess is started by running some hot 
vinegar through (if the vinegar is in 
process of fermentation, so much the 
better), this being to inoculate the 
shavings with the vinegar ferment, 
i When this is done the whole is allowed 
to stand several days, say a week, ^d 
then fermented wort (see prece^ng 
recipe) is poured in on the top division 
and allowed to trickle through slowly. 
When it is through it is put back to 
; pass through again two or three times 
i until it has the characteristic odour 
I of vinegar. This may sound a deal of 
I trouble, but it only amounts to pre- 
paring the vinegar plant, for aiter 
this, when the plant or ferment (a 
fungus, really) has started to grow on 
the shavings, vinegar can be produced 
by passing the wort through once 
only, if in a warm room. Diluted 
beer can be used for making vinegar, 
or sugar solution will serve if it is 
previously fermented with yeast, for 
about thirty hours, in an open tub. 
The finished vinegar can be filtered 
through filter-paper, put in a funnel ; 
or white blotting-paper can be made 
to serve. 

(c) Take 6 lb. ground malt, 6 lb. 
crystallised raisins, 4 lb. treacle, } lb. 
cream of tartar. Pour on these 8 gal. 
of boiling w’ater and leave all to mash 
for 6 or 8 hours, stirring w'ell as usual. 
Hun off the liquid into another tub 
and add ^ lb. sulphuric acid and 24 
gal. of acetic acid. Colour with cara- 
mel (burnt sugar) and rack into a cask-^ 
Allow to settle for three days, rtni 
tlien draw' off' the clear vinegar and it 
j is ready for use. 

To make Vwfffar from the Vinegar 
“ Plant'' or “ Mother"— The vinegar 
' plant can be readily purchased at large 
I vegetable markets, or through a local 
tradesman. Take 1 qt. of water, and 
I dissolve in it ^ lb. of coarse brown 
j sugar and ^ lb. of* treacle. Let this 
be in an earthenware vessel, preferably 
! white inside. When dissolved, lay 
I the fungus on top, cover with thich 
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brown paper, and tie down. In edx 
weeks, or a little longer in cold weather, 
the liquid is turned to vinegar, and 
can then be strained off. Boil up | 
the vinegar, strain again, if necessary, i 
then bottle. Put the fungus on to ' 
more sugar, treacle and water, to keep 
it going ; by tins means it will not 
only keep alive but will grow thick, 
so that it can be divid^ into two 
layers, and thus becomes two plants. 
It appears to improve in its work as , 
it grows thicker. 

Tarragon Vinegar. — ^Thc full-grown 
shoots of tarragon are used for this, 
and they should be gathered the day 
before they are needed. Fill a half- 
gallon jar with as many as will go in 
without presJjing down. Add three 
cloves, and the rind of one lemon, cut 
thinly. Fill up the jar with white 
wine vinegar, and tightly cork it. 
Expose to the sun for two or three . 
we^B, then open and strain off the ^ 
vin^ar. Wring the tarragon in a • 
cloth, filter all the vinegar through | 
flannel, then bottle it. | 

Cficumher Vinegar. — For salads, or | 
as a cold meat sauce. Peel three 
moderate-sized cucumbers, and slice 
them. Put them inte a jar, and pour 
on a quart of cold vinegar. Slice two 
onions and two shallots, and add these, 
together withatablespoonful of pepper, 
a quarter- tablespoonlul of cayenne and 
about a tablespoonfui of salt. Let 
this stand for a week. At the ex- 
piration of this time boil all up, then 
allow to get cold. Strain through 
"flannel, then bottle. 

Qwrlic, or Shallot, or Horse-radish 
Vinegar is simply made by putting 
2 oa. of finely choppefl garlic, or shallot, 
or scraped horse-radish, inte a quart 
of cold boiled vinegar, and, after it 
has infused for about two weeks, the 
vinegar is stimned off and bottled. 
With horse-radish vinegar a little 
finely-chopped shallot is an improve- 
ment. Iflther can be used as soon as 
made. 

Raspberry Fme^ar.— Take 3 lb. of 
fresh raspb^es, and put 1 lb. of them 
into a bowl. Pour a pint of best 


vinegar over, bruise the raspberries, 
and let it remain until next day. 
Strain off the vinegar, and pour it over 
another pound of the raspberries. 
Bruise the fruit, and let it remain 
another day. On the next day drain 
off the vinegar again, and pour it on 
to the thii^ pound of r^pberries. 
Bruise the fruit, and let it stand 
another twenty-four hours. Now drain 
oft" the liquor for the, last time, and 
strain it through tfannel which has 
hgen previously wetted with plain 
vinegar. When draining off the vine- 
gar at any time ilo not press the fruit, 
for should too muchi fruit juice, or 
any pulp, pass through, the finislmd 
vinegar will ferment. Indeed, some 
consider that the fruit should not l>e 
bruised at all, for fear of fermentation ; 
but if care is used the bruising can be 
done, and a fuller flavoured vinegar is 
obtained. W hen the vinegar is passed 
through flannel, put it into a jar, and 
.add 1 lb. of loaf or castor sugar to 
each pint. When the sugar is melted, 
put the jar into a saucepan of boiling 
water, let it simmer for half an hour, 
remove the scum, then allow to get 
cool. When cold put into bottles, 
cork well, and wax over the corks. 
If liked, a quarter-gill of brandy can 
be added to each pint just Itefore 
bottling. 

Aromatic Vinegar. — 16 oz. glacial 
acetic acid, 40 drops oil of cloves, 40 
drops oil of rosemary, 40 drops oil of 
bergamot, 16 drops oil of neroli, 30 
drops oil of lavender, 1 drachm benzoic 
acid, ^ oz. camphor, 30 or 40 drops 
compound tinoture of lavender, 3 oz. 
spirits of wine. Dissolve oils, benzoic 
acid, and camphor in the spirits of 
' wine, mix with acetic acid and shake 
until bright, lastly adding tincture of 
lavender to colour. 

1 Testing Strength of Vinegar . — ^This 
‘ is usually done by the neutralisation 
process, the acidity being neutraHsed 
by a solution of caustic 80 <U of a known 
, strength. The soda solution should 
be prepared by a chemist, and is known 
, as a normal solution, containing 40 
I of pure caustic soda to*l litre. Some 
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of the vinegar, say 20 c.c., is put into to a quart of water makes a refreshing 
a glass, and a few drops of th» alco- wash for the skin ; it is ah excellent 
holic solution of the indicator phenol> sedative for the flesh, rendering it * 
phthalein added ; the soda solution is smooth and Arm, and it is said to be 
then added, a drop at a time, from a a defence against wrinklea 
burette, the glass containing the solu- 
tion being shaken all the time. Im- 
mediately the soda becomes in excess 
a deep pink colour will appear, and 
directly this occurs the addition of the 
soda solution njust cease. Now see 
how much soda sokition has l)een used 
and calculate thus : 1 c.c. of soda solu- 
tion (which carries 0 ' 0 1 gr. of NaHOT), 
is equal to O' 06 gr. of acetic acid, 
therefore if. hjj example, 21 c.c. of 
the soda solution has been used to the 
20 c.c, of vinegar, the acetic acid in 
100 pints of vinegar is 6’3 per cent. 

The usual percentage is 4*5 to 5 per 
cent., this being governed by the 
strength of the mash employed in 
making it. 

Aromatic Vinegar.— A delight- 
ful aromatic vinegar may be concocted 
with herbs as a bwis. This vinegar is 
a most useful and eminently satisfac- 
tory preparation. It has remedial 
properties, and, therefore, is invalu- 
able in the sick-room ; the rich, spicy 
odour produces a sense of coolness 
that is at once a tonic ; it also per- 
forms its mission as a deodorizer by 
virtue of its essential oils. 

The ingredients to be used are 8 oz. 
each of sweet basil, thyme, and spear- 
mint {mentha viridis)^ 6 oz. each of 
rosemary, rue, lavender, and sage. 

Place in a stone jar and bruise the 
leaves (many aromatics, when entire, 
are odourless, and only give off their 
fragrance when bruised), cover with 
2 of strong vinegar, made boiling 
hot, and cover closely ; set in a warm 
pla(^, shaking the jar occasionally. 

At the end of two weeks strain off the 
clear liquid. Cover 1 oz. of gum 
camphor and 2 oz. of gum benzoin 
with half a pint of alcohol and allow 
to dissolve ; then add to the vinegar. 

Let stand a few days, Alter, and bottle 
in small bottles, with cork and seal. 

Keep for two months before using ; it 
improves with isge. A tablespoonful 
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WALKING-SnCKS. 

See also Polishing, Staining, 
Varnishing, etc. 

(1) Although the walking-stick is 
not now BO largely used as in years 
gone by, yet the demand for sticks for 
umbrellcui and sunshades lias been on 
the increase, and for these latter fancy 
goods there is a constant seeking after 
novelties to either meet a fashion or 
create new desires. There is, therefore, 
a keen look-out being kept up for new 
materials, particularly those that may 
be classed as ‘‘novelties.’' So great 
is the demand in this respect that 
many growers, particularly on the 
Continent, have taken up the cultiva- 
tion of sticks of various good kinds 
expressly to supply the stick market. 
In this country, land is generally of 
too high a value for it to be pl^ed 
under such a system of culture, though 
quite recently large quantities of ash 
saplings, in which the roots have all 
been directed in one way to form what 
is known as cross-hea]^, have been 
grown in the county of Surrey. 

Some years ago the first collection 
ever got together illustrating the ma- 
terial used for walking-sticks was pre- 
sented to the museum of the Royal 
Gardens, Kew; and this collection 
has been entirely revised and aug- 
mented by the same firm which origin- 
ally presented it, namely, Henry 
Howell and Co., of Old Street, St. 
Luke’s. 

Forest produce from all parts of the 
world is here deposited. From the 
East and West Indies, SingajMre, Java, 
China, and other eastern countries, 
are derived a great variety of sticks, 
pindpally, however, belonging to the 
bambw and palm tribes. The sticks, 
as required for the workshops, are 
drafted from the stores. Some are so 
crooked that they require a great deal 
of straightening before anything else 
is done with them, and this straighten- 
ing process is one of the most interest* 


mg and remarkable. On the top of 
a very hot stove is a heap of damp 
sand, in which the sticks are plunged, 
and kepi there till they have become 
quite pliable. The workman then takes 
the crooked stick while it is still hot 
and inserts it into a notch cut in a 
stout board, placed at an angle inclined 
from him, and bends and strains it, 
occasionally casting his eye along it to 
see that it is straigh/., and when per- 
j fectly so it is thrown down to cool, 

1 and when cold it is quite rigid, with- 
1 out the slightest fear of it ever going 
back to its natural crookedness. In 
this way some of thr most irregular 
and apparently worthless sticks are 
made to assume an appearance almost 
impossible, when we consider that the 
workman has nothing but practice and 
a well trained eye to guide him. Heat 
is a very important element in the 
manipulations of a stick-maker, and 
produces very different effects on the 
several kinds of woods, the degree of 
heat necessary to straighten one kind 
of stick being often sufficient to com- 
pletely spoil another kind. The same 
power which makes a crooked stick 
straight is applied to make a straight 
one crooked, and so we find tliat the 
rigid stems of bamboos, partridgecanes, 
and all the various kinds of English 
sticks which are required to be curled 
or twisted, are by the application of 
heat made to assume almost any shape 
or form. Thus, ladies' sunshade 
handles, especially those of bamboo or 
partridge cane, can be twisted and even 
tied into double knots. 

By far the largest number of sticks 
used are those known as natural sticks, 
that is, saplings of trees or climbing 
plants, where the roots have sufficient 
character to form handles, or knots. 
These are always more in demand, 
whether for walking, umbrella, or sun- 
shade sticks, than those that are out 
from the solid, like letterwood, ebony, 
boxwood, beef-wood, partridM-wo<^ 
etc. Messrs. Howell, with ^ 
of bringing to light undeveloped re* 

I sources, have had some notes drawn 
i up and circulated among ttislr ooirs* 
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Bpondents, on the points to bd observed great rapidity, steam power was iatro- 
in collecting raw sticks, canes,* etc., duced, which sets in motion band and 
for walking sticks, umbrella handles, circular saws, planes and rasps, with 
etc. The total length shoual not be the result that a stick of the toughest 
less than 42 in., end to end, and if description can be converted into a 
possible they should be 48 in. The marketable article in a very short time, 
best sizes are of the diameter of ^-1 in. , So dexterous do the workmen become 
measured about midway ; they should in the use of these tools that they 
not be larger than in. It is indis- ! seldom make even the slightest error 
pensable that the diameter should ; in their work, and the rapidity with 
gradually diminibU from the root, or which the workers in gold and silver 
handle, to the poidt, so tliat the stick mounting i^erform their delicate mani- 
is not “top-heavy.” It is always pulations is remarkable. Besides the 
better, when possible, to send sticks precious metals, a great variety of 
with some kind of handle ; if the valuable stone mounting is effect^ in 
plant pulled up, the roots should tliis department, among the stones 
be left quite rough and untrimraed ; i used being Mexican onyx, agate, 
if a branch be cut off, a part of the j jasper, various marbles, and occasion- 
parent branch should be left on to ally even the more precious stones, 
form a knob or crutch handle. Sticks including diamonds. Ivory, horns of 
without handles can be used, especially all kinds, rhinoceros, bufiklo, stag, 
if they are nicely grown and have any sea-horse, walrus tusks, etc., are al^ 
peculiarity of structure or colour ; but largely used, 
if there is any handle, however small, Material. — In enumerating the 

it should not be cut off. Young sap- materials used in the manufacture m 
lings of the different kinds of palms, walking-sticks it has been thought best 
bamboos, etc. , should always have the i to classify them in alphabetical order 
root left on. Occasionally the form according to their commercial names, 
of the root or handle part is attractive. Though the following is a fairly corn- 
while the stick itself is weak and de- pletelist, and represents most of those 
fective ; in such cases the liandles only exlubited in the Kew Museum, it is by 
should be sent, and they should mea- no means an exhaustive list, additions 
sure 15-1§ in, long. In sending speci- being frequently made, 
mens of new sticks, it is better to Acacia.— The name of this stick de- 

send only small quantities, say one or signates its peculiar colouring rather 
two dozen, at most of each kind, then, t^n its botaniad origin, and any stick , 
approved, further quantities can be tliat is sufficiently strong, and lends 
asked for. Specimens of anything re- j itself readily to artificial colouring, is 
markable for form or colour, whether | used, such as crab, dogwood, etc. ; the 
in the roots or stems of woody, herb- specimens at Kew are the produce of a 
aceous, or reedy structures, should be hard- wooded shrub or small tree, found 
sent, as sometimes the most unlikely in the forests of Middle and Southern 
things arc found to possess value for Europe, probably belonging to the 
use either as umbrella handles or dogwood order. The sticks, in their 
walkkig-stickB. prepared form, have found much favour 

It will be seen from these notes that, for ladies’ umbrella and sunshade han- 
before stated, the chief demand is dies. They are made in various shapes, 
for natural sticks, many of which lend but the colour is generally bluisa or 
themselvesreadily to the varied designs greyish, with a metallic lustre, and 
BO necessary for ladies’ sunshades. Not occasional dark streaks, 
many years since the whole of the Apw or Aip.— This is the wood of . 
ma(&ei 7 in use was worked hand, the aspen {Populta trmida) ; it is very 
but in oonsequenoe of it being neces- light both in colour and weight, and 
saiy to turn out very laige orders with hM little else, perhaps, to recommend 
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it for walking sticks. The supply is 
obtained from our own country. 

Anh (Fraxiniju exceUioi’). — This tree 
furnishes a variety of sticks, known in 
trade under different names, as, for in- 
stance, the root ash, which consists of 
the saplings with the roots attached, 
which form the handle ; then there is 
tibe cross-head, in which the roots, in- 
stead of forming a somewhat globular 
knob, take a twist at right angles from 
the stem. These have been grown, 
and so directed during their growth. 
The figured ash is another form, in 
which the bark has been scarified into 
various designs during growth, and on 
healing has left a permanent marking. 
These latter are, perliaps, more curious 
than beautiful, but still they have 
their admirers. The ash can be treated 
in various ways with the bark either 
left on or removed. Some of those 
with the barit remaining, when properly 
cleaned, dressed, and polished, make 
veiy pretty sticks, and are not unlike 
those of the orange. 

Bakow. — This is apparently the {md- 
duce of a palm, but at present its origin 
remains unknown. The sticks are im- 
{X)rted from Singapore. 

Bamboo.— The bamboos furnish a 
mreat variety, and a very large bulk of 
me material used by the wal^ng-stick 
maker. They come, of course, chiefly 
from the Ewt, but their botanical 
sources are difficult to determine. 
Amongst those which may be called 
true bamboos, namely, those furnished 
by the genus BambuMy may be men- 
tioned the Whampoa baml)oo, probably 
the produce of Bamhusa metake. They 
are noted for their irregular jointing ; 
&ey are of a clean, lemon-yellow 
colour, and not long since were much 
used for sunshade handles. They are 
imported from China. The yellow 
bamboo and the blackr bamboo are also 
well-known, their colours being indi- 
cated by weir commercial names. 
Theee canes are imported from Japan 
and China, and are no doubt the pro- 
duce of spedes of BambMa, as is also 
probably &e beetle-cane, so named from 
its intensely black colour and its scaly 


appearance near the root, which, how- 
. ever, toakes it very pretty. This is 
also the product of a Chinese species. 
The dog-<head bamboo is not a true 
bamboo, but is furnished by a species 
of Arundinana, aclosely-alhed genus. 
The name dog-head has been given to 
this stick from the natural growth of 
the rhizome roughly representing the 
head of a dog, so that it is easily carved 
and convert^ into good representations 
of dogs' heads. Tlfese sticks are im- 
ported from China. 

I Bay Tree or Laurier Thyn . — ^These 
sticks are appeurently the produce of a 
species of Eugeniay though nothing 
definite is known about them. The 
wood is very hard and close-gramed, 
almost white in colour, but with a 
cinnamon brown bark covering the 
irre^mlar root, which coakes good han- 
dles for umbrellas. They are imported 
from Algeria. 

Beef-Wood.— T\m wood is of a dull 
reddi^ colour, close and even grained. 

, It is apparently cut from the trunk of 
I a lai^e tree, perhaps that of Ardieia 
' coriacea. It is imported from Cubs. 

; Beetle Came . — See Bamboo, 

i Bireh . — The saplings of Betula alba. 

The roots make good handles, and the 
supply is obtained from our own 
country. 

Blackth&m. — This well-known hedge 
plant, known also as the sloe (Prunus 
spino8a)y makes excellent walking 
sticks. There is always a demand for 
them, for when properly dressed and 
polished there is no other stick that 
has BO dark a coloured bark. Latterly 
there has been a large sale fora special 
kind of blackthorn brought from Ire- 
land, and known as Irish blackthorns. 
They are distinct from the ordinary 
blackthorn in being flattened instead 
of cylindrical. 

Black fork.— The botanical origins?; 
of this stick has not been determined. 
It has a dark-coloured bark, and I4ie 
root forms an irregular knott^ handle. 
The wood, wluch is hard and cloee- 
grained, forms a very rigid stick, re- 
vealing, when the bark is taken off, a 
dark brown wood with oocasionid li^t 
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patches. It is imported irom the t 
West Indies. « I 

Boxwood^ Persian. — This is the true ! 
box {Buxus sempervirena), the wood of 
which is so well known as to need no , 
description. The irregularity of the j 
branches recommends it, when peeled | 
of its bark, for walking sticks, and the ! 
sticks cut out of the solid trunk make j 
good umbrella sticks, Insides which it ; 
is often carved iylo various devices for 
ladies’ sunBliades.% Another kind of 
wood, very similar in appearance to 
true box, but known as West Indi^hi 
boxwood, is uscil to some extent for 
the same purjxij^s. The West Indian 
boxwood of liotanists is Vitcx uvihrom, 
but tliis wockI does not agree with tliat, 
and at jircsent cannot be satisfactorily 
identified. 

Briar . — This is also the protluce of 
a West liulian tre<) {Zauthoxylum 
Clam' JI( real i If), the bark of which is 
tulierculatcd, or warted, for which I 
reason it is valued for walking-sticks. I 
They are iinjKjrted from the West i 
Indies. | 

Cabfxfffc, Jersey. — A well-known j 
variety of the common garden cabbage 
(Braasica deracca), the stems of which 
grow in the Cliaunel Islands to a height 
of 10 or 12 ft. 

Carob or Carouhier {Ccredxmia SUi' 
qua). — A branching tree about 30 ft. 
high, native of the Mediterranean coast. 
The knotted and irregular branches, 
when straightened, make excellent 
walking sticks. They are imported 
from Algeria. 

Carolina Reeds. — These are slender, 
bamboo-like canes, the produce, ap- 
p^ntly, of a species of Anmdinaria. 
They are imported from China. 

Ckdar-Wood. — This is the wood of 
the common pencil cedar (Juniperm i 
virginiana). It is only occasionally | 
and is too well-known to need ' 
description. It is imported from I 
North America. i 

Cherry {Prmua oerasua).~Of late 
years this has become a very important 
stick, both for walking sticks and sun- 
shade handles. Two distinct forms of 
the cherry are known in the stick trade , 


—namely the scented and the tiger 
cherry. The former has a dark brown 
bark, which has a peculiarly sweet 
scent, and, in consequence, is seldom 
or never polished, the eflect of which 
would, of course, be to kill the per- 
fume. The tiger cherry has a bark 
with patches of a beautiful golden 
lustre, which is heightened by the 
addition of polish. These sticks are 
imported in large quantities from 
Austria and Hungary, where the 
growth for pipes and walking sticks 
constitutes a staple industry. 

Chestnut.— Theae are branches or 
saplings of the Spanish Chestnut (Ciw- 
tanea satim). When peeled the wood 
is of a very light colour, but is hard 
and durable. The sticks are obtained 
principally from France. 

Coffee . — These sticks are the produce 
of the ordinary or Arabian cotfee-tree 
(Coffca arabica), and are brought here 
from the West Indies. They are very 
hard and heavy, with a light-coloured 
bark, and have but little to recommend 
them. 

C’ori.— The produce of the cork oak 
{Quercus Suber). Though these sticks 
are somewhat clumsy in appearance,' 
owing to the thick and rugged deposit 
of bark or cork, they are light in 
weight from the same reason. They 
are imported from Spain and Algeria. 

Crab. —Two kinds of stick are fur- 
nished by tliis plant — the wild form 
of the cultivated apple {Pyrus malu4\ 
the plainer sticks l»ing known as crab, 
and the knotted or irregular sticks as 
warted crab. They are the produce of 
our own country, though some are im- 
ported from the Continent. 

Date Palm . — These are the mid-ribs 
of the leaves of this well-known palm 
(Phamix dactUifera) with the le^ets 
cut off, rounded and smoothed, and 
then polished. .They are imported 
from Algeria. 

Dogw^ {Comm satifjfwinca).— This 
is a well-known shrub of our own 
hedges, the wood of which is hard and 
not liable to splinter ; hence it was at 
one time much used for butchers* 
skewers. These properties, together 
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with those of rigidity and lightness, 
have caused the sticks to become veiy 
much in favour with walking-stick 
makers. On this account they are 
much used for the “ pillars ” or sticks 
of umbrellas or sunshades, often having 
other handles or knobs hied to them. 
They are imported in large quantities 
from France, Germany, and other 
parts of the Continent. 

^6ony. — Several kinds of ebony are 
known in the trade as Ceylon, Macas- 
sar, and flowered ebony. The two 
former are the produce of Diottpyrot 
eienum, and the latter of a totally 
different plant, namely, Bn/a ebenus. 
The first is a native of Ceylon and 
India, and furnishes the b^t true | 
ebony, while the second is a small tree 
native of the West Indies, and is 
sometimes known as green ebony and 
cocuB-wood, so much used for making 
flutes. The ebonies furnish very 
choice sticks, which are cut from the 
solid wood. 

Eucalyptus. — This, as its name im- | 
plies, is the produce of Eucalyptus 
Qlobalus, better known, perhaps, as 
the blue gum. It is a native of Aus- 
tralia, but has been introduced into 
many other parts of the world. The 
supply for the stick trade comes from 
Algeria. 

Pullers' Teaale {Dipsaaus PuUonum). 
This plant is probably only a culti- 
vated variety of the common teazle 
found wild in our copses and hedges 
(Dipsacus sylvestris). The plant is cul- 
tivated in some parte of this country, 
as well as in France and Germany, for 
the sake of the hooked bracts of the 
flower-heads, which are used for teasing 
or carding cloth. The adaptation of 
the stems for sunshade handies is very 
singular, for most of those used for 
the purpose are fasciated or abnor- 
mally twisted in the {pcess of growth, 
so t^t they become double or treble 
their normal size. This fasciation was 
at one time considered to be unusual 
in the teazle, and their appearance a 
few years since in thousand as sun- 
shade handles came as a surprise to 
the botanist. It exemplified, however, 


what has been before said, how appa- 
rently^ useless products can be n^e 
subservient to the demands of com- 
merce. 'J'eazle stems are imported 
from France. 

Furze, sometimes also known os 
Whin or Gorse ([/7ez europeus ). — The 
stems of this common British plant 
are, as is well known, very irregular 
in their growth. When they are 
straighten^ and properly dressed, 
however, they mak^ extremely pretty 
walking and umbrella sticks, and are 
in ’great demand. 

These are the saplings 
of a palm, the l>otanicay)rigin of which 
cannot be accurately determined, inas- 
much as the name gru-gru is equally 
applied to Astrocaryum vulyare and 
Acrocomia sderocarpi, both South 
American species. The sticks are very 
beautiful, being of a rich dark brown 
with fine white longitudinal lines near 
I the joints. The rootheads also are 
very handsome. The sticks are im- 
ported from the West Indies. 

Qudder Rose ( Vihirnum Opulus ). — 
The sticks from this well-known shrub 
are very attractive when dressed and 
polished. The bark which covers them 
is of a rich brown, thickly marked witb 
white lines. They are of a compara- 
tively recent introduction, and are 
very much in demand. They are some- 
times known under the name of Balkan 
rose, being imported from the neigh- 
bourhood of the Balkans. 

AToze^.— This well-known stidc is 
the produce of Corylus Avdlama. A 
variety known as ^ver bark hazel is 
the most beautiful. The sticks are 
imported from various places on the 
continent of Europe. 

Holly {Rex aymJWMm).— The sticks 
of this &vourite shrub are so much 
used for walking-sticks, whip-handles, 
and similar uses that they need only 
to be enumerated. They are ohiefly 
the produce of our own country. 

Hornbeam (Carpinut ^ 

well-known hard-wooded tree; the , 
wood is of a very light colour, but. 
makes durable sticks. The maricet ii 
supplied by English growth. 
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JamheCj or Jambeee. — This is appa- 
rently the produce of the palm •which 
has. yet to be determined. 

iMficewood . — This wood,* supposed 
to be the produce of Dwjufitia quita- 
rensis, a tree of South America, is 
much used for shafts of carriages, 
whip-handles, and the top joints of 
fishing-rods, in consequence of its 
elasticity and strength. For the same 
reason it is ns'^d for walking- and 
umbrella-sticks. % 

Loya Canes . — The stems of an Aus- 
tralian palm ((VtZa7/iM.s austral is). Th*ey 
have somewhat the appearance of a 
rattan, to which they are a ck)se 
botanical ally. 

Malacca (Calamus scipionum ). — 
Like the la.st, these are the stems of a 
climbing palm, imported, not from 
Malacca, but from Siak, on the opjK)- 
site coast of Sumatra. They are a 
very choice stick, and fetch fMjrhaps 
the highest price of any stick in tlie 
market. 

Maple (Acer campestre). — The 
branches of this well-known British 
tree are sometimes used for walking | 
sticks, as well as the wood of its Ame- ' 
rican ally, the bird’s eye maple (Acer j 
tacoharinum), \ 

Medlar (Pyrus germanica ), — Sticks 
of this plant are imported from 
France. They are sometimes covered 
with numerous transverse gashes, 
which is done in the stem during 
growth for the purpose of ornamenta- 
tion. 

Midgrcn.— This is the stem of an Aus- 
totlian palm (Kentia monostachya). It 
makes a very pretty stick, from the 
markings or scars of the fallen leaves 
being very close together. 

Mountain Ash . — ^A well-known orna- 
mental tree of our shrubberies (Pyrus 
Aucupovria). The sticks are slender 
but strong. 

Mountain Bay. — A slender palm, 
the source of wmch is unknown. 

Myall Wood (Acacia komalophylla). 
— A leguminous tree of Australia, the 
violet-scented wood of which is well 
known and has been much used of late 
in the manufacture of pipes. The sticks 
4 


are not polished, so as to preserve the 
scent. 

3/yreZc.— Whether this is the pro- 
duce of the Myrtus commtmis is some- 
what doubtful. It makes excellent 
walking and umbrella sticks, which are 
imported from Algeria, 
j Nana Canes . — This name has been 
I given to the hollow reed-like stems of 
, Arundo dtwiaar, the rhizomes of which 
! form excellent liaiidles for umbrellas 
i and sunshades. They are imported 
from Algeria. 

Oak (Qucrcus Rohur ). — ^The saplings 
and branches of this well known British 
tree are much used for walking-sticks, 
and are always in favour. Under the 
name of Brazilian oak, a stick that has 
met with a very lai ge demand has been 
known in the market for some few 
years. It is corrugated longitudinally 
and knotted tliroughout, the .knots 
, l»eing especially thick near the knob. 

; Though this stick is a great favourite, 

' its lx)tanical origin at present is ob- 
scure. It is imported from Bahia, and 
is sometimes known as the Ceylon 
vine. 

()live(Olea ri/ropca).— This isanother 
favourite stick for which there is 
always a large demand ; the dark green 
bark has a cliaracter of its own, and 
the brown marking of the wood, when 
stripped of its bark, lias much to re- 
commend it. Olive sticks are imported 
chiefly from Algeria. 

I Orange.— The orange sticks, which 
ore imported chiefly from Algeria, are 
' probably the produce of other allied 
< species besides that of the common 
I orange (Citrus aurantium). The bark 
I of the orange, when dressed and pol- 
j ished, has a bright, greenish colour, 

. with white stress, and makes ex- 
, tremely pretty sticks, for which there 
is a constant demand. 

; OrangCy Blackt — This is a distinct 
product from the foregoing, and is not 
furnished by any species of Citrus^ but 
by the common broom (Cytisus soo- 
parius). The bark lias somewhat of 
the orange marking, but its colow u 
nearly black, as its trade name indi- 
cates. It is imported from Algeria, 
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Palmyra, — These sticks are cut from 
the solid wood of the palmyra palm of 
India {Borassus JlahefUformis). Two 
varieties are known, black and red, the 
one with intense black lines, the other 
with red. The wood is imported from 
India. 

Partridge (7a?ws.— Under this name 
an immense quantity of canes, with 
and without the bark, are annually im- 
ported from China. Though they are 
a specially favourite stick for walking, 
umbrellas, and sunsliades, the botanical 
source still remains unknown. They 
are largely used for twisted and curled 
handles. 

Partridge Wood {A ndira inemm). — 
This is a lar^e tree of the West Indies. 
The wood is close-grained and hard, 
and takes a good |)olish ; it is used 
chiefly for umbrella handles. 

Penang Laxoycr amlijida). 

This is a palm, the saplings of wliich, 
with the roots attach^, are imported 
in considerable quantities from Penang. ' 

Pimento {Pimenta officinalis). — A 
tree common in Jamaica, where it is 
largely cultivated for the sake of its 
fruits, which are the allspice of com- 
merce. For the stick and umbrella 
trade large quantities of the young 
saplings are imported from the West 
Indies. The sticks are valued especi- 
ally for umbrella liandles, in conse- 
quenceof theirrigidity and non-liability ! 
to warp. ' 

PojnegraruUe {Pwnica Qramatum ). — ' 
These sticks come mostly from Algeria, ' 
where they are specially cultivate. 

Rajah Cane. — This favourite stick 
has been known in commerce for some 
20 years or more. It is imported from 
Borneo, and for a long time after its 
introduction its botanical origin re- 
mained a mystery. It has, however, 
since been referred to the genus of 
palms Eugemonia, and proljably to the 
species minor. The commercial name 
rajah is said to be derived from the 
fact of the duties paid for its export 
being claimed by the Rajah of Borneo. 

Rattan.— Under this name a variety 
of sticks, apparently the produce of 
different sp^ies of Uo/omus, are 


I known. Thus we have root rattans, 
i white ♦ hard-barked rattans, monster 
rattans, miniature rattans, and so on. 
They are all of a similar character, with 
the scars of the fallen leaves strongly 
marked in transverse rings. They are 
the produce of Eastern countries. 

Snakeiimod (Brosimum Aubletii ), — 
This is also known under the name of 
letter-wood and leopard-wood. It is 
the produce of a large, tree, native of 
Quiana, Northern Peru, Brazil, and 
Trinidad. The wood is extremely 
hard, of a reddish-brown colour, marked 
with dark transverse blotches. It 
makes one of the handsomest sticks 
known, and when mounted with gold 
lias a very rich appearance. 

Under thi.s name the stems 
of the mullein ( Verbascim Thapsus) 
are known in commerce. They are 
slender and very light, both in colour 
and weight ; they arc, however, very 
prettily marked, and make good 
handles for umbrellas. 

Tonquin Canes. — These are slender- 
jointed sticks of the character of bam- 
boos, and are the produce of an un- 
known species of A rundinaria. Th^ 
make light and strong sunshade 
handles, and are very much used for 
that purpose. They are imported 
from China. 

Whangee.—'VYna is a well-known 
cane imported from Japan, and is 
formed of the rhizome or underground 
stem of a kind of bamboo (PhyUo- 
stackys nigra). The cane is very 
pliable, and is very distinctly marked 
by the transverse scars of the young 
shoots, where they have died out, and 
where the rootlets have fallen off. The 
canes are mostly of a pale yellow 
colour, but there is a variety with 
black scar.^ known a.s the black whangee. 

Whitethorn. — This is another name 
for hawthorn (Crateegus Oxyacantha)* 
The wood is very liard and dose- 
grained, and makes very strong sticks. 

Zirracote. — A close-grained, nearly 
black wood ; used mostly as a cabinet ' 
wood. It takes a good polish, and be* 
a very handsome appearance. (J. B. 
Jackson). 
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Method of Treatment.— Walk - 1 

ing-sticks should not be cut o» pulled j 
later in spring than February, nor ' 
earlier in autumn than 0(^l)er, the j 
best time being from early December ' 
to mid-February. They should not 
be stripped of Imrk nor worked till 
half dry, and meantime should l)e 
stored in a cool and moderately dry 
platie. It is I^st to leave all roots 
and spurs on stick al)Out 1 in. long 
when laying asn’i to dry. When half 
<lry their suppleness is at its greatest. , 
and working is facilitated. * 

Holly sticks must be only rough 
trimmed whey put away to season. 
Ash sticks must dso Ije rough trimmed 
and well seasoned before they are 
barked and polished. The wood and 
curiously- formed root-knobs of ground 
ash admit of excellent grotesque 
carving. 

Of all home-grown sticks oak is the 
most reliable, and stout oaken cudgels 
are esteemed by most persona as some 
of the best props to failing legs, as well 
as the best weapons for self-defence 
against quarrelsome dogs and rowdy 
ruffians. Straight sticks of saplingosJk 
are not always easily obtained, but 
copse-wood sticks pulletl from the 
stumps of trees form excellent substi- 
tutes. Those should be selected for 
walking-sticks which taper gradually 
from f in. just below the knob or 
crutch, down to ^ in. at the opposite 
end. Gnarled and crooked oak sticks 
are sometimes fancied, and heavy 
cudgels are sometimes selected for de- 
fensive purposes. Oak sticks split in 
drying when the bark has been stripped 
off, or the knots cut too close, or the 
sticks put away to dry in a very warm 
dry pl^e ; they are then rendered 
useless for walking-sticks and cudgels. 
The wood and also the form of the 
knobs or roots will admit of much 
taste being displayed in carving. 

From the roots of elm trees, saplings 
with a coating of rough bark will shoot 
up straight to a height of 10-12 ft. 
These wUl fumishgo^ walking-sticks 
of the fancy type, the rough bark 
serving the purpose of omamentatiuu 


when the sticks are dried, stained, var- 
nished, and polished. The wood is 
also durable, but not very supple wherf 
dried, and sticks of it are not suitable 
to hard usage. The usual precautions 
must be taken in drying them. 

Light sticks of hazel may be cut or 
pulletl from almost every hedgerow 
and in any wood. Saplings are not 
unfrequently found of most symmet- 
rical j)roportions, tai)ering from 1 in. 
dowui to } in. through a length of 
10-12 ft. ; these are used by country 
swains as goads for the oxen, and form 
very tough sticks. The wood is very 
light, hut it has the disadvantage of 
liendiiig and remaining crooked when 
leaned upon heavily. It is also soft, 
and may be easily carved. Occasion- 
ally, liazel sticks may be found gro- 
tes({uely entwined with honeysuckle, 
and the stem so deeply furrowed with 
the supple vine as to enclose the con- 
volutions of the climber. Sticks of 
this kind are valued as fancy sticks, 
and look well when properly prepared, 
varnished and polished. 

In exposed positions the blackthorn 
is only a dwarf shrub, but in sheltered 
hedgerows and wotKllands it attains a 
height of 20 ft., and its saplings run 
up to a length of 6-8 ft. straight and 
taper, but covered with stout spines 
and small twigs. These saplings make 
excellent walking-sticks, both when 
they can be dug or pulled up, and also 
when they have to be cut off. The 
spines and twigs must not be cut off 
close until the stick is half dried, and 
then cut with a sharp knife ; in fact, 
the knots from the spines and twigs 
when left as slight round excrescences 
enhance the l^uty of the finished 
stick. Blackthorn is more famous for 
its hardness, strength, stability, and 
durability, than for lightness, elasti- 
city, and supplejiiess. A cudgel made 
of blackthorn will deal heavy blows, 
but when matched against one of oak 
would splinter at the knots, the oak 
being the tougher stick. The wood is 
hard and not ^ily carved, but the 
root knobs will admit of a veiy 
and smooth polish, most grateful to* 
2 G 2 




452 ^ 


Walking-Sticks : Method of. Treatment. 


the palm of the hand of the tired 
pedestrian. Its congener, the white- 
thorn or hawthorn, is not so suitable 
for walking-sticks, being more brittle 
and less durable. 

Among fruit trees the cherry will 
furnish some very nice fancy sticks, 
supple, and of tolerable strength : and 
apple wood, when well and carefully 
dried, will yield some good sticks. 
Grape vine and briar sticks cannot be 
relied upon for stability when leaned 
upon. 

When sticks are lialf-dried, that is, 
when the bark is shrunken, has lost its 
sappy greenness, and refuses to peel 
freely, they may l>e trimmed, straight- 
ened, or bent as required. To bend or 
to straighten them, they may be held 
over steam until rendered supple, or 
buried in hot wet sand until this end 
has been attained ; they must then be 
given the form they are intended to 
assume (whilst still hot), and kept in 
this form until they are cold, straight 
sticks being tied firmly in small 
bundles, and wound with a coil of 
rope from end to end, or suspended 
from the beam by the knob end whilst 
a heavy weight is hung from the small 
end. Crooks may be turned by im- 
mersing the end in boiling water for 
6-10 minutes then bending it to the 
desired form, and securing it in tliis 
position with a tourniquet (Fig. 294 a) 
until the stick is cold. The Wk may 
next be taken off with a sharp knife, 
if so required, and care must be taken 
not to splinter or chip the wood of the 
stick. Knots may be trimmed at the 
same time, and the knob trimmed up 
to shape. Hard and fast rules cannot 
be given for the formation of knobs, 
since their fonn must be regulated ly 
the natural knobs, and these are often 
very su^estive in themselves. One or 
two things should, however, receive 
consideration in designing a knob, and 
the first should be the ultimate use of 
the stick. If the stick is to be a fancy 
cue, fo be carried and swung in the 
hand, more for appearance than for 
use, then any amount of skill in carv- 
ings may be expended on the knob ; 


but if the stick is for use, we should 
first conuider its use. Round smooth 
headed knobs (Fig. 294 b) carved and 
polished ter fit comfortably into the 
middle of the hand, will meet with 
most acceptance from those who use a 
stick as a support. But knobs thus 
formed, and shorn of a projecting crook 
or hook, often slip from beneath the 
arm or out of the liand when its owner 
wishes to use l>oth hands, for some pur- 
pose. The head of a*dog with a long 
mii^zle, the head of a swan or a goose, 

1 forms an appropriate design for such a 
' stick. The crutch (Fig. 294 c) or half- 
crutch form (I’ig. 294 D)iis also a com- 
fortable one, but the ordinary crook 
I (Fig. 294 a), although useful for many 
I other purposes, does not fit comfort- 
ably in the hand, it is too much of a 
I handful, and the central support usu- 
I ally finds its bearing under the fore- 
finger instead of the palm of the hand. 
Sh^p carving on the knob should 
always be discouraged, for it only hurts 
the hand, but the neck of the knob 
may receive the carver’s attention. 

Elm sticks with the rough bark left 
on(Fig. 294 E)muBtbe neatly trimmed, 
naked around the neck of the knob, 
and at the bottom of the stick just 
above the ferrule, loose bark shpuld 
also be neatly trimmed with a shatp 
knife, and the whole lightly gone over 
I with medium glass-paper. The stick 
I should then receive a dressing of boiled 
I linseed oil, and be left to dry. When 
dry, it will be well to go over the 
smooth parts with a little polish, and 
finally give one or two coats of hard 
' spirit or copal varnish. Holly, ash, 

; liazel, cherry, apple, birch, etc., should 
Iiave part of their bark only t^en off 
i with a sharp knife, leaving all knots 
smoothly trimmed, rounded,and dean. 

I The sticks should he then lightly glass- 
I papered, and, when smooth, dressed 
j with boiled linseed oil, dried, polished, 
and varnished. Oak sticks look best 
when carefully barked in hot waterK 
cleared of the loose hark by rubbinw 
with canvas, dried, dressed withboilsa 
linseed oil, again dried, then pobafafld 
and vamislied with oak varuisli* Blao k > 
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thorn sticks should be only^ partly | each side of the stick, to prevent them 
barked, the knots smoothly tnmmed, j from coming off when they get loose 
then glass-papered quite smooth, in dry wcatW. 
dressed and varnished as directed for The remaining diagrams in Fig. 294 
other sticks. Sticks may be stained indicate as follows : F, blackthorn 
black after they have been glass- knob in the rough ; o, ash root as dug 
papered, and before they are dressed up ; H, ash root trimmed ; J, ash or 
with oil, by first brushing them over oak knob as pulled from pollard or 
with a hot and strong decoction of stump ; K, the same trimmed ; L, stick 
logwood ami nut-galls, and when tliis bent and trimmed to form a crook, 
has well dritfl, ^brushing over them (G. Edwinson). 
some vinegjir or acetic acid in which Staining.- (a) Use Judson’s sim- 
a quantity of proto-sulpliate of ison, ' pie dyes ; they are so clean, and more- 
some iron rust, or some old rusty over so economical in their applica|;ion 
nails liave been steeped some 2-3 clays tliat they take the leading part in all 
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previously. A brown or mahogany work of fancy or intricate workmanship, 
tint may be given by adding some Put the stains on with a camel-hair 
dragon’s blood to the polish, and a brush, diluted with water. For dark 
yellow tint may be obtained by adding stains use copal varnish, or purchase 
yellow ochre. Some persons use ink some from a coach painter. , For light 
for a black stain, and others put dro[> woods use the light crystallised Tar- 
black in the varnish, but the black nish, such as is used for the tops of 
stain above mentioned is preferable to washstands, etc. Old damaged sticks 
all others. The sticks are to be that are varnishfed should have the vm- 
polished and varnished after the stain nish eaten off with liquor ammonisBi 
IB diy. The bottom ends of walking- then rinsed, scoured, s^ned, and var- 
sticks should be guarded from exces- nished again, 
live wear by a neat brass ferrule, but (6) M^ke a solution of 3 pwts glue 
these are more cheaply bought than in 100 of warm water ; to this ada 1 
made. . They should be secu^ to the part wluting, 2 parts oran^ chrome, 
stick by two small screws, one on I Mix well. Apply hot with a soft 
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brush to your sticks. When thoroughly 
dry, rub down with a piece of dry 
flannel. Apply a second coat of colour 
if deeper tints be required, or use 
burnt umber and brown ochre for oak 
tints. When dry, apply the following 
varnish : — Coarsely - powdered copal 
and glass, each 1 oz. ; alcohol, 64 o.p., 

1 pint ; camphor, ^ oz. To be heated 
over a water bath, with constant stir- 
ring, until the copal is dissolved. 
When cold, decant the clear portion. 
Be careful that the alcohol does not in- 
flame. I 

Straightening. — Straightening 
requires a good deal of judgment 
and 8om6 skill. A bed of wet sand 
is provided and kept at about the 
temperature of boiling water. Into 
this the stick is plunged for some time, 
which renders it quite pliable, and it 
is then straightened by hand, pusliing | 
the stick through a hole in a bench ■ 
and bending each part as may be ne- 
cessary until the whole is straight, 
much the same as is done with l^m- 
boo. When straightened, sticks should * 
be hung in some dry, airy space, not 
too hot, that they may dry. If a lai^ge 
number are done at once, they may be 
tied in a bundle, keeping each other 
straight. Here they should be left 
until thoroughly seasoned beforescrews 
or cords are removed. The knots 
should be trimmed up with a small 
plane orspokeshave. Then the whole 
may be rubbed down with fine sand- 
paper — the finer the sandpapering the 
better the stick — and finished with a 
hard drying varnish, with or without 
stain. A good polish for walking- 
canes and other hardwood ; Fill with 
best clear filler or with shellac, dry by 
heating, rub down with pumice, put 
on thiw coats of clear spirit copal var- 
nish, hardening each in oven with 
temperature as hot wood and gum 
will safely stand. For extra work, 
Hie first two coats may be rubbed 
down and the last allowed a flowing 
coat! For ^lour^ed grounds, alcoholic 
shellac varnish with any suitable pig- 
ment (very flnai^ ground in) can be 
used. 


Polishing Malacca Cane.— To 

I repolish a scratched malacca cane first 
wipe it ovp with raw linseed oil, next 
smooth down all roughness and 
scratches with fine grade glass or emery 
cloth, then wipe free of oil. \Mien a 
cane is of a re<ldish tinge one or two 
coats of mahogany furniture varnish 
may be applied with a camel-hair 
brush, but if requiretl clear a brown 
liard spirit varni.sh iauW. As a rule 
all varnishes dry too bright for walking 
canes, therefore the wipe of linseed oil 
is first given (when the vaniish is dry 
and har^) then putty powder or jewel- 
lers’ rouge with oil, is rubbed on with 
a woollen cloth. Finish with dry 
powder and washleather, and a smooth 
satin gloss will take the place of the 
briglit shine of the varnish. 
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Waste Metal : Copper, GunmetaL 

I The process is as follows : — The turn- 
Waste Metal : “K® melted Wy themselves, and, 

I during the melting process mixed with 
ITS ' manganic oxide in the proportion of 5 

RECOVERY AND UTILISATION. weight, of manganese to 100 

of turnings. In charging for melting. 
In the present day of commercial j it is advisable to cover the bottom of 
economy, one of the most interesting ' the graphite crucible in. deep with 
y)roblems is the utilisation of waste manganic oxide ; upon this is placed a 
proilucts, many fortunes having lieeii layer of turnings about IJ in. deep, 
largely built 114 on the applicjition of and so on until the crucible is full, 
some clevt'ily diUcovered yirocess for During melting the impurities con- 
extracting or recovering good material tained in the turnings settle on the 
from waste. The following recipes , surface and can be readily removed 
refer wholly to metallic aubstsinces j with a grapliite ladle. The melt is 
and solutions# that are commonly j best cast in buttons (square pieces), 
looked ujion as useless, or nearly so, ! Wlien cool each button is cut, in order 
and more or lews a source of loss. [ to determine the qualities of the metal 
Copper Salts.— In works where 1 by the fractured surfaces. The metal 
a large quantity of cop|)er is dealt ' melteil in this manner shows a reddish, 
with, thi> metal is worth recovery nearly coppery fracture, and is very 
from the cleivusing baths, (^ollect all | tenacious and dense. An addition of 
the litjuids holding copjxjr m a large j manganic oxide, not exceeding, how- 
cask hlled with wrought or cast iron | ever, per cent., to new material for 

scraps ; a chemical reivctiou iinmedi- j melting is also recommended. With 

ately takes place, the iron is substi- | this method the crucible should not be 
tut^ for the copper to make a soluble ' covered with tallow, fat, pitch, etc. 
salt, and copper falls to the kittora of j Boxes for rapidly running parts of 
the cask in tlie shape of a brown ' machines show great durability, being 

powder. The cask sliould lie large j but little worn after years of use. 

enough to hold all the liquids em- j Gold.— (a) All the liquids which 
ployed in a day’s work. The iron 1 contain gold, except those in which 
scrap should be suspended in willow there is a cyanide, are strongly acidu- 
boskets on the tiq) of the liquor, and, lated by sulphuric or hydrochloric acid, 
by stirring now and then the liquid unless they are already acid, and then 
with them, the metallic powder of largely diluted with water. Precipi- 
copper will alone fall to the bottom tate the precious metal by a solution 
of the cask. The same method may of sulphate of protoxide of iron (cop- 
be employed for recovering the copper peras), and, after a few hours standing, 
from old cleansing acids, or from worn it is ascertmnetl that the liquor does 
out galvaiioplastic baths. The copper not contain any more gold when a new 
thus obtained is quite pure ; calcining addition of iron sulphate does not 
it in contact with the air, gives a black produce any turbidity. The predpi- 
binoxide of copper for neutralising too tated gold is in the form of a red or 
acid galvanoplastic baths. black powder ; collect upon a filter, 

Gun Uetal, or Bed Brass wash, and dry in an iron pan, with 
Turnings, Filing^s and Scrap.*^ weights equal to its own, of borax. 
These are frequently sold for a low saltpetre, and potash carbonate, 
mice, even by establishments having Gradually introduce the powder into 
facilities for casting in crucibles, be- a refractory crucible heat^ to a white 
cause they are apparently not fit for heat in a good air-fumace. When all 
casting. These turnings can, however, is introduced, increase the heat and 
be profitably utilised for new castings close the furnace, so that all the metal 
08 well as an addition to other charges, may fall to the bottom of the crucible. 
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After cooling, extract the button of 
pure gold which remains. If it is 
desired to dissolve the powdered gold 
left on the Alter in aqua regia, it will 
be necessary to wash it several times 
with dilute sulphuric acid, to remove 
the iron sulphate with which it is 
impregnated. This mode of reduction 
is adapted to an impure gold chloride, 
to the baths by dipping with soda 
bicarbonate or pyrophosphate, and 
also to the ungilding acids ; but it is 
imperfect with baths holding a cyanide, 
winch never completely part with all 
the gold they contain by this process. 
The best manner of treating the latter 
liquors is to evaporate them to dryness 
in a cast-iron kettle, and calcine the 
residue to a white heat in a good 
crucible. A small proportion of borax 
or saltpetre may be added to aid the 
fusion, but generally it is uunecessaiy . 
The resulting button of gold at the 
bottom of the crucible is red when 
saltpetre has been employed, and green 
with borax ; but these differences of 
colour have notliing to do with the 
purity of the metal. 

(6) Gold may be separated from 
liquors which contain no cyanide, by 
an excess of tin protochloride, wliicli 
produces a precipitate easily reduced 
by heat. Sulphurous acid will also 
reduce the gold ; but in this case, the 
liquor should be heated. Granulated 
gold is obtained by running the molten 
metal, in a small stream, and from a 
certain height, into a large quantity of 
cold water. 

(c) Sweepings, saw-dust, residues 
from the Ijottoms of scratch-brushing 
tubs, filters, papers, and rags, must be 
collected, mixed, and bum^ in a fur- 
nace constructed for the purpose. The 
ashes are finely pulverised, sifted, and 
thoroughly mix^ with a quantity of 
mercurj", which combines with the gold 
and silver. The ainf^gams, separated 
by washing, are then distilled in cast- 
iron retorts of a peculiar shape. The 
mercury volatilises, and the gold and 
silver remain in the retort. For sepa- 
rating these metals, granulate the solid 
mass and treat with pure nitnc acid, 


which dissolves the silver, and is with- 
out aoibion upon the gold. The latter 
metal collects at the bottom of the 
vessel in p black or violet powder, and 
is pure, after having been wash^ in 
, distilled water. If an ingot contains 
only a little silver and much gold, melt 
previously with a certain proportion of 
the former metal, in order to more 
easily dissolve in nitric acid. The 
ingots of silver and copper should be 
boiled in cast-iron kf ttles with concen- 
trated sulphuric acid, which transforms 
copper into soluble sulpliate, and 
silver into sulphate, only slightly 
soluble. The separation of the two 
may be partly effected by washing, but, 

I generally, the silver is precipitate by 
plates of copper. The alloy, previous 
to its solution, should be granulated. 

(d) An easy method to recover gold 
from solutions, particularly from old 
toning-baths of photographers, has been 
made known by Haugk. It consists in 
filtering the solution into a white glass 
flask or bottle, making it alkaline with 
sodium bicarbonate, and then adding 
drop by drop, a concentrated alcoholic 
solution of aniline red (fuchsine), until 
the liquid retains a deep strawberry 
colour. The flask is then exposed to 
the sunlight for 6-8 hours, at the end 
of which all the gold still present will 
have been precipitated as a dark violet 
powder, and the liquid will have become 
colourless. After pouring oil' the liquid, 
the flask, with its precipitate, is Kept 
until a fresh quantity of solution has 
to be precipitated, and this is continued 
until the deposit in the flask is suffi- 
ciently laige to make it worth while to 
remove it. It is then transferred to a 
filter, washed, dried, and burned with 
the filter. The residue containing the 
filter-ash is dissolved at a gentle ueat 
in aqua regia, filtered, and the solution 
is evaporated to dryness. The quantity 
of impurity caused by the simuitaneoui 
solution of the filter-ash is too insignia 
ficant to be objected to. 

(e) Although sheet zinc, or Emo and 
iron sheets, serve well for the preoipita- 
tion of silver, they cannot be emfdoyad 
for the recovery of gold. The latt^it 
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Beparates out in such a case v^ry incom- i 
pletely and as a firmly adhering lus- j 
trouB film in the zinc. On the other 
hand, finely divided zinc, tl« so-called 
zinc dust, is an excellent substance to 
employ for precipitating gold quanti-» 
tatively and in the form of powder 
from spent cyanide litjuors. Wlien 
zinc dust is jwlded U> a spent gold bath 
and the liquid is periodically stirred 
or shaken, ail t\e gold is precipitated 
in 2-‘.i days. Tli% amount of zinc to 
be added naturally depends on the 
quantity of g»)ld present. Fresfily 
prepare<l gold liatha for gilding in the 
cold contain o» the average 3*f> grm. 
gold j)er litre ; whilst those used for 
the hot process contain 0 • 75 grm. To 
precipitate all the gold in the original 
bath, 1*74 grm. or 0*37 — 0‘5 grm. 
zinc dust would be necessary, and, of 
course, a much smaller quantity would 
be sufficient for the spent liquors. Since 
the precipitation takes place more 
rapidly wlien an excess of zinc dust is 
present, it is generally advisable to add 
\ or at the most ^ kilo, of zinc dust to 
every 100 litres of solution. 

The precipitated gold, which contains 
■ rinc dust and usually silver and copper, 
is washed, freed from zinc by hydro- 
chloric acid, and then from silver and 
copper by nitric acid and thus obtpiined 
pure. 

A spent bath treated in this way 
gave the following amounts of gold 
per litre 

1st experiment . 0*2626 grm. 

2nd „ . 0-2634 „ 

Mean .... 0*2630 „ 

The presence of gold in the residual 
(^nide solution could not be qualita- 
* tively detected. The potassium 

r ide of the solutions obtained by 
process should be converted into 
farrocyanide by heating with ferrous 
sulphate and milk of lime, since this 
BulMtance is not poisonous, and can 
therefore be got rid of without danger. 
It would, however, be more econo- 
mical, and, considering the largo 
amount of cyanide present, more pro- 


fitable to work it up into Prussian 
blue. 

Recovery of Gold jfrom Gold 
Baths, etc. — To recover the gold 
from old cyanide gilding baths, evap- 
orate the ^ths to dryness, mix the 
residue with litharge and fuse the mix- 
ture. The gold is contained in the 
lead button thus obtained. The latter 
is then dissolved in nitric acid, where- 
by the gold remains behind in the 
fonn of insoluble spangles. These 
Bj jangles are filtered otf and dissolved 
in aqua regia. 

The following methotl is used for 
the recovery of the gold by the tvei 
process : — The bath containing gold, 
silver and copper is acidulated with 
hydrochloric acid, which causes a dis- 
engagement of hy^ocyanic acid. This 
gas is extremely poisonous, for which 
reason the operation should be canied 
on in the ojicn air, or where there is 
a good draft or ventilation to carry off 
the fumes. A precipitate consisting 
of the cyanides of gold and copper, and 
chloride of silver, is formed. This is 
well washed and boiled in aqua regia, 
which dissolves the gold and copper as 
chlorides, leaving the chloride of 
silver behind. The solution containing 
the gold and copper is evaporated 
nearly to dryness, in order to remove 
the excess of acid, the residue is dis- 
solved in a small quantity of water, 
and the gold precipitated therefrom as 
a brown metallic powder, by the ad- 
dition of sulpliate of iron (copperas). 
The copper remains in solution. 

Gold and Silver from Sweep- 
ings, and Refuse of Gold 
WorW’s Shops.— Collect the 
sweepings, dry them, if necessaiy, and 
heat them in a Hessian crucible, in 
order to destroy all the organic sub- 
stances. Triturate the glowed mMw 
in a porcelain d:^h or enamelled kettle 
with water, and treat it with an excess 
of hydrochloric acid to dissolve any 
alkalies or calcium carbonate present. 
The portion remaining undusolved 
contains gold, silver, copper, sand, 
cky, ferric oxide, etc. To recover the 
silver from it, wash it thoroughly 
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with distilled water, and boil it in | 
pure nitric acid, which absorbs the | 
silver. The residue is again thor- i 
oughly washed, and from the com- i 
bined fluids the silver is precipitated 
as chloride of silver by common salt, 
or, still better, by hydrochloric acid. 
The residue remaining undissolved I 
after the treatment with hydrochloric | 
acid is heated with aqua regia, and the ; 
gold precipitated by the ad^tion of sul- \ 
pliate of iron (copj>eras). Sometimes it t 
may pay to treat the residue remaining , 
undissolved in aqua regia with am- ' 
monia in order to extract the chloride ■ 
of silver, the formation of which under j 
the given conditions can scarcely be ; 
prevented. An experiment with a i 
small portion will show whether such 
treatment is advisable or not. 

Gold from Gilded Articles — 
Gilded articles of iron and steel are 
best ungilded by treating them as the 
anode in a solution of from 2 to 2f oz. 
of 98 per cent, potassium cyanide in 
1 qt. of water, and suspending a 
copper plate greased with oU or tallow 
as the cathode. Gilded silver-toare is 
readily ungilded by heating it to glow- 
ing, and then immersing it in dilute 
sulphuric acid, whereby the layer of 
gold cracks off, the glowing and im- 
mersing in dilute sulphuric acid being 
repeat^ until all the gold is removed. 
Before glowing and immersing in dilute 
sulphuric acid the articles may first be 
provided with a coating of a paste of 
sal-ammoniac, flowers of sulphur, borax 
and potassium nitrate, which is 
allowed to dry. On the tettom of the 
vessel containing the dilute sulphuric 
acid the gold will be found in the 
form of laminae and scales. These are 
boiled with pure sulphuric acid, 
washed, and fi^lly dissolved in aqua 
regia and made into cliloride of gold or 
fulminating gold. • 

To ungild articles of silver, copper 
or Qermm silver, which will not bew 
gloviii^, the solution of the gold may 
be effected in a mixture of 1 lb. of 
fuming sulfuric acid, 2*64 oz. of j 
concentrated hydrochloric aeid and I 
r 3 oz, of nitric acid of 40° Bd. Dip * 


the articled in this warm acid mixture, 
and oBfeerve the progressive action of 
the mixture by frequently removing 
the articl6s from it. The articles to 
be treated must be perfectly dry 
'before dipping them in the mixture, 
and care must be had to preserve the 
latter from dilution with water, in 
order to prevent the acids from acting 
upon the base-metals. 

Platinum.— (a) Render any kind 
of platinum bath acicl by hydrochloric 
aci^, unless it is already so, and then 
plunge cleansed iron into it. The 
platinum is reduced to a black powder, 
wash, and calcine to 'a white heat. 
Dissolving it in aqua regia reconsti- 
tutes the platinum chloride necessa^ 
for the preparation of the baths. Re- 
duce by evaporating the bath to dry- 
ness, strongly calcine the residue, then 
wash upon a filter to remove the soluble 
salts, and again heat to a white heat. 
The platinum thus obtained is soluble 
in aqua regia. 

(6) From not too large baths precipi- 
tation of the platinum with sulphu- 
retted hydrogen is the most suitable 
method, and preferable to evaporating 
and reducing the metal from the resi- 
due, The process is as follows : — 
Acidulate the platinum solution with 
hydrochloric acid, and, after warming 
it, conduct sulphuretted hydrogen into 
it. The metal (together with any 
copper present) precipitates as sul- 
phide of platinum. The precipitate iz 
filtered off, dried and glowed in the air, 
whereby metallic platinum remains 
behind. From lar^r baths the plati- 
num may be precipitated by suspend- 
ing bright sheets of iron in the acidu- 
lated bath. In both cases the precipi- 
tated platinum is treated with dilute 
nitric acid in order to dissolve any 
copper present. After filtering off and 
washing the pure platinum it is dis- 
solved in aqua regia ; the solution is 
then evaporated to dryness in the 
water bath, and the chloride of plati- 
num thus obtained may he usm in 
making a new bath. 

(c) The old developmg-baths lor 
platinotype paper, odd bits of the 
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paper itself, spoilt prints,* etc., all 
may be reworked. Old dcvellopers 
may l)e treated with saturated solution 
of iron sulphate— 1 jmrt of the satu- 
rated solution to 4 parts of the 
developer will l)e about right ; the 
mixture should be heated to boiling 
in a porcelain dish, and the precipitated 
metal collected on a filter. 13ad prints, 
clippings, etc., of the ]»af)er, should Ije 
placed on a t«i or irtrn plate and 
l)urnod, the aslie? collected and di- 
gested for some hours at 122'’-ir>8^F. 
with aqua regw, and then the solution 
<liluted w'itli an equal volume of water, 
and the platii/Um |)recipitated with 
iron as abo\e, or with ammonium, or 
soda formate, or any other reducing 
agent. 

Silver.— It is a fact that only alwut 
5 per cent, of the gold and silver used 
in producing a photograph remains on 
the finished picture ; the Iwlance is 
lost, and below are given a few short 
and siinjile methods of saving and 
reducing photographic wjistes and 
residues. 

(а) Old laths and Ibe washings of 
the prints sliould l>e precipitated with 
ordiuar)^ salt, thereby forming silver 
chloride. Add the salt gradually, 
stirring up the solution, until it forms 
no longer a precii)itatc, which you may 
easily determine by taking a sample of 
it in a tumbler or white Iwttle, bolding 
it up to the light when raiding a little 
salt. Do not add too much, as an 
excess will redissolve the chloride. 
When the silver is all down, pour in a 
little acid, either nitric, sulphuric, or 
muriatic, wliich will clear the solution ; 
allow it to stand for about 24 hours, 
then draw off your clear water and 
you have the chloride on the bottom 
of the vessel. 

(б) The hypo or fixing solution is 
very rich. It should be precipitated 
with potassium sulphide previously 
dissolved in water, also adding it as 
long as it will form a precipitate. The 
latter, when down, may be thrown on 
a plain muslin filter to allow the water 
to drain off. Such a filter may he 
peadily constructed by taking a piece 
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of common unbleached muslin, say a 
. yard square, tying loops to the four 
1 corners, and lianging it up on sticks. 

I (c) A good many photographers are 
i in the habit of precipitating their wash- 
ing solutions with metallic zinc ex- 
pamled in sheets therein. The action 
of zinc, however, is slow, and must be 
accelerated by acidifying the solution. 
'Now ii frequently liappens that the 
, fixing solution is allowed to run into 
the .same vessel, and, the hyposulphite 
being an alkali, susi)end8 the action of 
, the zinc. In the course of time a 
dejM)sit out of the water is formed ; 
but the ])roprietors of the “ mud ” are 
.ssully di»ipjK)inted in its value, as it is 
i sometimes even so poor as not to pay 
j for the trouble of refining. 

(d) All prints should be trimmed 
! before toning, as it saves gold, and, 

' besides, toned fxiper is of hardly any 
I value. Keep the untuned clippings 
I and filters clean by themselves ; do 
j not throw swcejtings. pieces of glass, 

, and s|K)iled ferrotype plates among 
{ them, as their bulk only decreases the 
' real value. If you wish to bum the 
I |)af)er, bive your stove cleared of 
i cinders and ashes, and proceed slowly, 

. for a good draught will carry many 
I jjtirticles of silver through the flue. 

(r) Your toning solution throw down 
with iron sulphate, but be sure and 
liave the solution “ jvcid,” as otherwise 
the iron will be precipitated, and your 
gold goes up the chimney, iiave your 
develoj)er and collodion skins ; they 
will also amount to something in the 
course of time. 

(/) Sometimes the wood of barrels 
winch contained waste solutions for a 
number of years is quite impregnated 
with silver, some barrels yielding as 
much as 30 oz. of metal ; so, when 
yours are unfit for further use, you 
know what to dq with them. 

(ff) Last, but not least, do not send 
small lots of waste to be refined, but 
' wait until you have a reasonable quan> 
tity for expenses, and charges are then 
comparatively less. 

(A) OommoD salt is without action 
upon the liquids which hold silver in 
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the state of a double salt, and will 
rather aid the solution than the pre- 
cipitation ; such are the double tar- 
trate of silver and potash, whitening 
bath, the double sulphite of soda and 
silver, and the bath for dipping. Be- 
fore employing common salt, add 
sulphuric acid, which, displacing the 
other acids, restores the silver to the 
state of a simple salt, easily precipi- 
tated by common salt. Hydrochloric 
acid alone precipitates silver well fmm 
these solutions. Liquors containing 
silver as cyanide are also exceptions ; 
to extract all the metal, use the pro- 
cess employed for similar combinations 
of gold, evaporate to dryness, and 
reduce the mass in a crucible, with an 
addition of soda carbonateand powdered 
charcoal. The metallic silver remains 
at the bottom of the crucible. 

(i) Baths of silver cyanide, the resi- 
dues from galvano-plastic establish- 
ments, are precipitate with sulphuric 
acid. The precipitate contains all the 
silver, along with copper, zinc, and 
iron. It is ignited, and the residue 
is treated with nitric acid, which dis- 
solves out the silver, zinc, and copper. 
From this solution the silver is thrown 
down as chloride. The portion insolu- I 
ble in nitric acid contains carbon, i 
ferric oxide, and traces of silver, which i 
may be extracted vrith ammonia. ' 
(k) Filter the solution of silver pro- 
pel to be operated upon until it is | 
clear, and place the filtrate in a cl^n 
white bottle of suitable capacity. To 
each pint of the liquid add 4 oz. or 
more of mercury, and allow the mix- 
ture to remain at perfect rest for a 
few days. In a very few hours a 
beautif^ sparkling coruscation will be 
found forming upon the surface of the 
m^ury ly what is known as double 
elective affinity, and for each atom of 
the silver so deposited, a correspond- 
ing amount of mercury is acted upon 
by the nitric acid of the silver, and 
passes into solution as mercury nitrate. 
The'd^position continues until all the 
silver has been thrown down, when we 
find over it a strong solution of mercury 
nitrate, which may he obtained in thie 


, solid cryfftalline form by evaporation. 

! In a •few days the deposition will be 
1 completed, which can be readily seen 
; if the tree ceases to grow. Sh^e the 
I bottle thoroughly, so that the branches 
' of the tree are detached and broken, 
and brought in thorough contact with 
■ the mercury, where the spangles of 
silver are quickly dissolved. The 
watery part of the mixture can now 
be drawn or decanted off from the 
, mercury, and the flatter placed in a 
or, better, in a large piece of fine 
tough buckskin, and pressed with force 
between the hands. WTien no more 
mercury can be scjueeied through, the 
b^ may l)e opened and the lump of 
brittle amalgam removed, and pre- 
served in a well-cleaned and stoppered 
bottle until more has been accumu- 
lated. In case all the mercury should 
disappear at the end of the process, a 
little more may be added to the watery 
solution to ascertain whether it still 
contains silver. 

{1) A method of reducing silver chlo- 
I ride to the metallic state, especially 
adapted to the practice of amateurs, 
formed the subject of a paper read 
before the Manchester Phot(^phic 
Society by Mr. J. Lei^. 

Many amateurs, said the author, 
trouble themselves very little about the 
reduction of photograpliic silver wastes, 
simply l)ecause they consider their 
small quantities not worth sending to 
I a professional refiner, or that the pro- 
i cess of reduction to the metallic state 
is troublesome and not worth the 
expense. The process about to be de- 
scribed is simple, effectual and eco- 
nomical, and particularly suited to the 
I amateur who has comparatively small 
' quantities to operate upon. As regards 
' the precipitation of AgCl from solu- 
tions containing Ag NO, we all make 
use of common salt. In my dark 
room is a laige inverted bell-ghMft, 
into which are poured the wwhing 
! waters of dry plates and paper prints^ 

1 the rinsings of glasses, baths, ana othsr 
vessels which have conteined AgNOg 
i m solution ; and, at the end m tlie 
season, all the nitrate baths are added 
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to be precipitated as AgOl by the 
process just mentioned. The precipi- 
tated chloride should be well washed 
by decantation, dried, and •weighed, 
or it may be poured into the evapo- 
rating basin without washing. Add 
to the Ag Cl about its own weight of 
KOH or Na OH, and half its weight of ! 
cane sugar with sufficient water to well * 
cover the whole, and lx)il for about 15 
minuted over a Bunsen’s burner. Tins 
solution turns miihdy on applying the 
heat, but in a few minutes gets some- 
what clearer, owing to the reduction 
of the silver, which settles on the 
bottom of the tiasin in the form of a 
grey powder, lacking altogether the 
metallic lustre of silver cast into ingots 
or buttons. The finely divided silver 
is transferred to a precipitating beaker 
and well washed by decantation. The 
clear washing water is now tested with 
AgNOj until no precipitate is obtained ; 
the silver is then washed in two 
changes of distilled water. There is 
nothing new’ in the above process ; it 
is based upon the fact that solutions 
of sucrose or dextrose in the presence 
of alkalies, reduce the salts of the noble 
metals to the metallic state ; the 
chlorine, in the case of clilorides, re- 
maining in solution. 

At the commencement I stated tliat 
this was an effectual method of reducing 
AgCl, which I tliink I can prove. 
From one precipitation I had 5663 gr. 
of dried Ag Cl, w liich, according to 
calculation, would yield 4262 gr. of 
pure silver. I actually got 4250 gr., 
being a lossof 12 gr., possibly accounted 
for by the chloride having absorbed 
moisture between drying and weighing; 
or probably a small quantity of kaolin 
may have been mixed with the chlo- 
ride. The process is also economical, 
NaOH costing about Ad. per lb., and 
sugar about 1^. per } lb., which is 
suffident to reduce considerably more 
than 1 lb. of Ag Cl to the metallic 
state, without the expense of building 
afurnace; also less t^ risk of a broken 
crudble, and possibly, the trouble of 
collecting the precious metal from the 
remains of a coke fire, which is any* 


thing but amusement. Those who 
prefer a crucible can obtain sufficient 
heat on an ordinary blacksmith’s 
hearth, with a small coal fire. 

(m) Put well-washed silver chloride 
int<) an iron ladle, with a little pure 
water above the chloride. The greater 
affinity of iron for chlorine determines 
its departure from the silver ; and, 
after standing 24-30 hours, throw the 

I contents of the ladle upon a filter, and 
wash thoroughly with pure water to 
remove the soluble iron chloride ; the 
residue will be pure silver in a minute 
state of division. This method is 
rarely em})loyed, on account of the 
I length of time required. 

(n) Well- waslied silver chloride 
(water does not dissolve a trace of it) 
is put into a stoneware pan with two 
or three times its weight of zinc, and 
the whole is covered with water ren- 
dered acid by sulphuric acid. As soon 
as they are in contact these substances 

[ react upon each other ; the sulphuric 
acid and the zinc decompose the water, 

1 the oxygen of which oxidises the zinc, 
which then combines with the acid, and 
forms zinc sulphate, a veiy soluble 
salt ; the hydrogen transforms the 
chlorine of the silver into hydrochloric 
acid, which is also very soluble in 
water. Before filtering, wait until all 
the zinc is dissolved. The remaining 
silver is in impalpable powder, and 
cannot pass through the filter. Wash 
the silver thoroughly with pure water, 
and it may then be dissolved in pure 
j nitric acid to form a pure silver nitrate. 

I This process is seldom employed, as it 
I is difficult to find zinc without lead, 
wliich will unite with and follow the 
silver in subsequent manipulations. 

(o) The silver chloride, freed from 
foreign metallic salts by washing, is 
mixed with four times its own weight 

I of crystallised sq|da carbonate, and mdf 
' its weight of pulverised charcoal. 

I Make into a homogeneous paste, dry 
I thoroughly in an iron pan, and then 
I place in a red-hot crucible. Alter 
j fusion the heat is rmaed, in order to 
I allow Uie smaHest globules to reach 
, the bottom of the oruoible. Should 
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the crucible be moved at the time of 
the solidification, the silver will be of 
a very irregular shape. To obtain 
granulated silver pour it in a small 
stream, and from a height, into a large 
volume of water. 

(p) To recover silver from trimmings 
of untoned prints, procure an old iron 
bucket or jK)t, and place the cuttings in 
a few handfuls at a time, and apply a 
light to them, when they will quickly 
bum to ashes. As they burn down, 
keep adding tiie cuttings, which must 
be stirred up frequently with an iron 
rod, 80 as to completely reduce all the 
mass to fine ashes. Of course the burn- 
ing must be done out of doors, owing 
to the dense smoke and disagreeable 
fumes. If in windy weather, place a 
piece of sheet iron partly over the 
bucket to prevent the ashes from blow- 
ing away. The tire will be a long time 
dying out. After the trimmings are 
r^uced to ashes, tlie ashes can then 
be reduced to mebillic silver in a 
crucible with equal quantities of soda 
carbonate and I)orax. 

(7) The residues almost always exist 
as silver chloride. Wash by decanta- 
tion, with plenty of water, in a caf»- 
cious vessel which can be shaken, the 
mass — filter-paper and all— till free 
from copper, etc. Next drain off as 
much water as possible, and add strong 
ammonia, and after a time filter to 
get a clear solution. Place this in a 
wide-raouthe^l bottle, which fit with a 
cork. Through the cork pass two 
wires, to one of which attach a catluxie 
of a strip of silver, and to the other 
an anode of lead. Lastly, connect a 
Daniell cell, and leave to itself for a 
day or two. The strip of silver will 
then be found studded with crystals 
of the reduced metal, while the lead 
will have a scale of lead chloride, some 
of which may liave faljen to the bottom 
of the bottle. The ammonia is then 
shaken up, with the remaining undis- 
solved residue, the lead is scraped, and 
th^ cell is rec^rged, when all is again 
ready to proceed for another two or 
tliree days. It is obvious tha^ a bi^? of 
the washed residues can be suspended 


in the electrolytic bath. It is not a 
process to be recommended if rapidity 
is an object ; but tliis is often of no 
consideration whatever. I do not re- 
commend itfor large quantities, though 
under certain circumstances it might 
answer even then ; but for small 
quantities, such as pints or quarts, I 
certainly do, and cliiiru for it the fol- 
lowing advantages : First and greatest. 
Less expenditure of„ superintending 
time and trouble thin any other. The 
^time expended in preparing tlie ammo- 
niacal solution is but a few minutes. 
That exj>ended in charging the cell is 
altout the same, and ItoaHes these there 
is aljsolutely nothing to do beyond 
occasionally scraping the lead anode 
and collecting the silver crystals, after 
the easily fit^l up and simple appa- 
ratus necessary lias been procured. 
Second, small cost of apparatus and 
materials. Those consumed are zinc, 
copper sulphate, and lead. The am- 
monia will do over and over again, for 
the cork prevents its dissipation, and 
the loss in manipulation need be very 
small. Third, there is less mess and 
disagreealde work than any other 
method I know of. Fourth, the silver 
is obtained in a convenient form for 
future use, which is usually to prepare 
the reagent, silver nitrate. I have 
tried the method of reducing by means 
of zinc, but found these disadvantages 
and difficulties .—First, it is not easy 
to ascertain when all the chloride is re- 
duced. Second, washing the metallic 
silver |K)wder free from zinc chloride 
is a matter which takes a very consider- 
able time. Third, the process is messy 
and disagreeable. Fourth, the reduced 
metfil cannot be very pure, for ordinaiT 
zinc always contains a little lead, which 
would remain with the silver. 1 have 
also tried reduction by means of glu- 
cose, though not veiy thoroughly, find- 
ing it take time and trouble. The pro- 
cess of reduction with soda carbonate 
in a crucible is the worst of all in my 
estimation for small ijuantities. The 
time is greater than any others, and 
the heating of the crucible without 
special appiiratus is most troublesome, 
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to say nothing of the fuel consumed. 
Moreover, whatever others maji find, 
I have always observed numerous little 
beads of silver scattered iy a most 
aggravating maimer all over the pot, 
which it is imiiossible to collect. I 
may mention that by the electrolytic 
method described, every tnice of silver 
leaves the solution after a time, as miiy 
be proved by neutralising \\ ith an acid. 
One word more It might be worth 
while dipping thtaends of exposed iron 
into melted jiaraffin wax liefore placing 
in the electric bath.— (L. S. Powell). 

(r) A process invent^ by Stockmuir 
and Fleischmayn, and worked out by 
them in the chemical laboratory of the 
Bavarian Industrial Museum, is exceed- 
ingly simple, and is employed in many 
establishments. In order to remove 
silver from a |)ota8sium cyanide silver 
solution, it is only necessary to allow a 
clean piece of plate zinc to remain in 
the liquid for two days ; even better 
results are obtained by the use of iron 
conjointly with the zinc. In the first 
case, the silver often adheres firmly to 
the zinc, whilst in the second it always 
separates out as a powder. It is then 
only necessary to wash the precipitate<l 
powder which usually contains copj)er 
(since spent silver solutions always 
contain copper), dry it, and then dis- 
solve it in hot concentrated sulphuric 
acid, water being added, and the dis- 
solved silver is precipitated by strijis 
of copper. The silver thus obtained is 
perfectly pure. If the amount of copjwr 
present is only small, it can usually 
be removed by fusing the precipitated 
powder with a little nitre and borax. 

In tliis way a spent silver bath was 
found to contain per litre — 

First experiment . 1 • .'iTOG grm. 

Second „ . l‘,5694 

Mean .... 1*6700 

The presence of silver could not be 
qualitatively ascertained in the resi- 
dual liquor. 

(» ) After Boiddng the prints for five 
minuteg in water made slightly acid 
by acetic acid, remove them to another 


dish, and add to the water from which 
you have just taken them about a tea- 
spoonful of salt ; stir it rapidly for a ' 
moment with the hand, whenitbwomes 
as white and thick as milk. This solu- 
tion is then poured into a common 
wooden pail, which will hold enough 
water for the first washing of a hundred 
prints, and the next day, when ready 
to tone again, you will find that the 
solution has become perfectly clear, 
and in the bottom of the pail is a clear 
white sediment — pure silver chloride. 
Then pour ofl' the water to within an 
inch of the bottom, and the pul is 
ready to be filled again. 

On adding salt to the second water 
in which you washed the prints, there 
is hardly a trace of silver and it is not 
worth saving. About once a month, 
pour the settlings from the pail through 
a fine cloth to Wter it, and throw the 
cloth and contents into the silver paper 
clippings. In this way you will save 
more tlian half the silver used in making 
the print.— (A. C. Hopkins). 

(0 To separate silver bromide from 
waste emulsion, Scola recommends 
that 2-3 per cent, of sulphuric acid 
should be added, and the mixture 
should be boiled for some minutes, 
after which the bromide settles rapidly 
to the bottom of the vessel. It is 
now washed and dried, when it is ready 
to be cast into sticks for use in the 
battery about to be desciilied. 

The battery in which the reduction 
is effected is constructed on precisely 
the same principles as tlie silver chlo- 
ride battery of Warren de la Rue, and 
one form of tliis, as is well known, 
consists of a rod of amalgamated zinc 
immersed in acidulated water, and op- 
posed to a similar rod of fus^ silver 
chloride, a platinum wire being em- 
bedded in this latter to serve as a 
conducting terminal. When the plates 
of the battery afe connected by a con- 
ducting circuit, the silver chloride be- 
comes reduced to the condition of 
metallic silver, while the chlorine unites 
with some of the zinc to form zinc 
chloride. 

If the negative plate of the batt^ 
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is made of fused silver bromide, reduc- 
tion takes place quite readily when 
the terminals are united ; and when 
the battery is exhausted, it is merely 
necessary to fuse the resulting spongy 
silver in order to obtain it in a con- 
venient condition for use in making a 
fresh supply of nitrate, while the whole 
of the bromine takes the form of zinc 
bromide, and remains in solution. 

(tt) Those who are familiar with 
gelatine dry plates must be aware of 
the large amount of undeveloped silver 
bromide film there is left on the plate 
after the development of the exposed 
image. For the purpose of dissolving 
the unused silver bromide and clearing 
the negative, it is immersed in a bath 
of soda hyposulphite. The bath, in the 
course of time, naturally l)ecomea 
highly charged with the dissolved 
silver bromide, and many processes 
have been devised for recovering the 
waste silver therefrom. 

One of the most simple is to pour 
into the hypo bath a saturated solution 
of potash sulphide, which immediately 
throws down the silver in the form of 
a black, fiaky precipitate. 

The principal objection to this pro- 
cess is the disagreeable smell of sulphu- 
retted hydrogen gas given off, which is 
especially annoying when large quanti- 
ties are used. The gas also does 
damage by injuring chemicals, sensi- 
tive plat^, and paper within its reach. 
Dr. Legrange, a German chemist, re- 
commended the use of a solution o> 
ferrous oxalate, but as this is expensive 
its use has not become general. Dr. 
F. Stoll, editor of the WochtnUatt, 
followed out Legrange’s idea by sug- 
gesting tke use of the waste ferrous 
oxalate or pyro developer for precipi- 
tating the silver ; a plan which is of 
practical use to the photographer and 
amateur. The precmitation of the 
silver is slower % this process than 
with tlm potash sulphide, but it pos- 
sesws the advantage of utilising the 
waste developer, which is usually 
thrown down the sink. 

After the old hypo bath Ijas been 
poured into a stone jar or any old 


I vessel, the waste developer is mixed 
with it from time to time after it is 
used. Repeated pourings of the deve- 
loper willj after a time, precipitate all 
the silver. 

When all the silver has been appa- 
I rently thrown down, a little of the 
j clear liquid at the top is taken out in • 

I a test tube and tested with a solution 
j of potash sulphide ; if no precipitate 
; occurs, all the clear liquid above the 
precipitate in the bottom of the jar 
may be decanted off, and the next 
saturated solution of old hypo may be 
I poured in and treated with the waste 
j developer. » 

(t?) The following is the course we 
advise for the adoption of the user of 
dry plates on a moderate scale, who is 
not averse to the reduction of his ex- 
penses by saving his silver waste ; — 
Obtain a two-gallon glass jar having a 
loosely fitting cover, and about 4 in. 
from the bottom dHll a hole in the 
side. This hole is then fitted with a 
wooden plug, or, what is better, a 
small tap, which is retained in pl^ 
by a screwed nut, aided by rubber 
washers. This jar is placed on a shelf 
in a garden or outside of a window ; at 
any rate, in some place with wbdch 
there is direct open-air communication. 
This is rendered necessary on account 
of the offensive smell emitted at a sub- 
sequent stage. Into this the waste 
fixing solutions are poured, and When 
the jar is nearly full, a oEoall portion 
of a solution of potassium sulphide 
(sulphuret of potash or liver of culphur) 
is poured in and mixed with the solu- 
tion by stirring with a wooden or glass 
slab. Instantly there is a dense' depo- 
sition of silver sulphide in the form ol 
a dark mass. Precisely how much ol 
J the sulphuret ought to be added catt 
be determined only experiment. 

I After the precipitate desoends a little, 
if the addition of two or three drojW of 
the sulphuret is not seen to proanoe ( 
a further precipitate, then enough 
been added ; but if this addition osioaeft ' 
further blackness, it must be o(nitittQei’ 
until all the silver is found to b(|OQtt- 
verted into sulphide. It is adtWble 
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that no more be added than suffices to 
effect this end. Owing to the slow- 
ness with which the precipitation 
takes pVce, it may, in many cases, be 
expedient to have in use two such jars 
as that described. After the precipi- 
tate has settled down to below the 
level of the hole or tap in the side of 
the jar, the supernatant liquid must 
be run off through this aperture. 
Upon replacing the plug, water may 
be added to wa.sh the silver sulphide 
wliich is insoluble in water. In this 
case the deposition will take place mbre 
quickly than before. Having obtained 
the silver sulphide as a dark pasty 
mass, it can either bo placed in the 
hands of a professional metallurgist or 
reducer, who will most willingly either 
purchase it at full value, or fuse it 
into a button of metallic silver; or, 
secondly, it can be converted into silver 
nitrate by the addition of nitric acid, 
in which it readily dissolves ; or, 
thirdly, it may be mixed with a flux 
composed of soda carbonate, 7 oz. ; 
potash carbonate, 7 oz. ; potash nitrate 
2 oz. Mixing this with the silver in 
equal proportions, placing in a crucible, 
and then fusing in a furnace, this gives i 
a button of pure silver. The silver j 
nitrate obtained by the second opera- 
tion is not sufficiently pure for some i 
purposes, but, of course, it may be ' 
easily purified. The following is a 
pretty experiment, and one which is 
also useful, inasmuch as it reduces the 
sulphide very quickly. Having cut a 
hollow in a block of wood, pto in it 
a mixture composed as follows : — Sul- 
phur, 2 parts ; nitre, 4 parts ; fine saw- 
dust, 2 parts ; with an equal volume 
of silver sulphide. Apply a lighted 
match to this, and defla^tion will 
take place with great rapidity, and at 
the close, in a few seconds, the silver 
will be found at the bottom of the 
cavity as a beautiful white lump of 
i^hining metsl. — (‘ Photo Times.’) 

Silver from Cyanide Plating 
Solutions, etc.— The baths may 
evaporated to dryness, the residue 
mixed with a small quantity of oal- 
cined soda and potassium cy^de and 


fused in a crucible, whereby metallic 
silver is formed, which, when the heat 
is sufficiently increased, will be found* 
as a button upon the bottom of the 
crucible ; or if it is not desirable to 
heat to the melting point of silver, the 
fritted mass is dissolved in hot water, 
and the solution containing the soda 
and cyanide quickly filtered off from 
the metallic silver. The evaporation 
of large quantities of fluid is, to be 
sure, inconvenient, and requires con- 
siderable time, but the reducing pro- 
cess above described is without doubt 
the most simple and least injurious. 

According to the vod method the 
bath is strongly acidulated with hydro- 
chloric acid, observing the precaution 
to provide for the effectual carrying off 
of the hydrocyanic acid liberated as 
given under gold. Remove the pre- 
cipitated chloride of silver and cyanide 
of copper by filtration, and after 
thorough washing, transfer it to a 
porcelain dish and treat it, with the 
aid of heat, with hot hydrochloric acid, 
which will dissolve the cyanide of cop- 
per. The resulting chloride of silver 
is then reduced to the metallic state 
by mixing it with four times its weight 
of crystallised carbonate of sodium and 
half its weight of pulverised charcoaL 
The whole is made into a homogeneous 
paste, which is thoroiighly dried, and 
then introduced into a strongly heated 
crucible. When all the material has 
been introduced the heat is raised to 
promote complete fusion and to facili- 
tate the collection of the separate 
globules of silver into a single button 
at the tottom of the crucible, where it 
will be found after cooling. 

If granulated silver is wanted, poui' 
the metal in a thin stream, and from 
a certain height, into a laxge volume 
of water. 

DeaUvering. According to the 
nature of the base-metal different 
methods have to be employed for de- 
silvering. Silvered iron artidea ^ 
treated as anode in a potassium qyanide 
solution in water (1 : 20), the iron not 
being taught into solution by potas- 
sium cyanide ; as cathode suspemd in 
2 M 
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the solution a few silver anodes or a 
copper-sheet rubbed with an oily rag. 
The silver precipitates upon the copper- 
sheet, but does not adhere to it. 
Articles, the basis of which is copper, 
are best desilvered by immersion in a 
mixture of equal parts of anhydrous 
(fuming) sulphuric acid and nitric acid 
of 40° B6. This mixture makes the 
copper passive, it not being attacked, 
while the silver is dissolved. Care 
must, however, be had not to introduce 
any water into the acids, nor to let 
them stand without being hermetically 
closed, since by absorbing water from 
the air they become dilute, and may 
then exert a dissolving effect upon the 
copper. The fuming hydrochloric 
acid may also be heated and 1 50 parts 
of cryst^ised nitrate of soda be added 
instead of the nitric acid. In this hot 
acid desilvering proceeds more quickly 
than in the cold acid mixture, but the 
latter acts more uniformly. DesJver- 
ing is complete when the articles, on 
being pickled, show no stains. 

Tin.— (a) The tin-clippings are put 
into a drum, consisting of stout copper- 
sheeting, and provided with holes | in. 
diameter and 2 in. apart. It holds 
about 1000 lb, of clippings. It is first 
made to rotate in an acid bath, in 
which the tin is separated from the 
iron ; then, by means of a crane, it is 
lifted into a water-bath, thence into 
a potash chlorate bath, and, finally, 
once more into a water-bath. In the 
first bath the drum rotates, according 
to the quantity of free acid, 6-60 
minutes ; in the others, which are 
only intended to wash away the acid, 
6 minutes in each. The work of filling 
and passing the drum through the 
four baths, and emptying it, takes 
70 minutes, and as a drum holds 
1000 lb., 4} tons of tin waste may 
easily be worked up Jin a working day 
of 10 hours. 

In the acid bath about 6 per cent, 
of, iron is dissolved beside the tin. 

solution having been passed into 
suitable vessels, the lead is first sepa- 
rated, whereupon, by the insertion of 
23ne plates, pure tin is precipitated. 


The latter is obtained partly in well 
developed crystals, but mostly in a 
fioccuient state. After having been 
I well wash'jd in water, it can be melted 
in an iron vessel, and cast in blocks 
for sale. Since, by the precipitation 
of the tin, zinc is dissolved (one part 
of zinc precipitates about two parts of 
tin), there is finally obtained a solution 
of zinc and sulpl^te of iron, which 
may be used for preserjdng wood from 
rot, for di8infecting,*or in the prepara- 
tion of various paints. The waste 
freed from tin is packed into casks, 
and sent to iron-works. (A. Otto.) 

I (6) It is not jiossible to obtain a 
complete separation of the iron and 
tin by proceeding according to the 
various methods which depend upon 
bringing the scrap to the melting-point 
of tin, which is then removed in the 
molten state by mechanical means, 
such as revolving the scrap in a drum 
I with sand, or by use of a centri- 
. fugal maclune. The iron which is left 
I contains so much tin as to be of little 
value for working up in the furnace. 
The salts of tin obtained by treating 
the scrap with acid solvents are also 
too much contaminated with iron to 
render an acid extraction process ad- 
visable. Better results, however, 
should be obtained with Reinecker’s 
process, which depends upon the power 
wliich caustic alkali has of dissolving 
. tin when an oxidising agent is present. 

I According to this process, the scrap it 
cut up into small fragments, treated 
I in revolving drums with caustic soda 
for the removal of grease, and thenoe 
transferred to other drums, to be acted 
upon by a solution of lead oxide in 
caustic soda. The reaction which 
occurs may be expressed by the equa- 
tion : Sn -f 2NaOH -f- 2PbO=Na,SnOi 
j -f 2Pb -f HjO, and since, to a 
extent, this is prevented from tiMt ia g 
place by atmospheric carbmiio add, 
Reinecker has devised a suitable appa- 
ratus for the purpose. The lye con- 
taining soda stannate is seporatM from' 
the finely divided lead, the former to 
be worked up ip the most convw^t 
manner, the latter to be oxidised and 
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employed in subsequent operations. 
(Dr. Czimatis). * 

(c) Owing to the vast accumulation 
of tin scrap in canister, bhtton, and 
other manufactories where tinned iron 
plate is extensively employed, con- 
siderable attention has been devoted 
to the utilisation of the same, chiefly 
witli a view to the recovery of the tin, 
either in the metallic form or that of 
one of the various salts of tin used in 
commerce. 

It would be interesting and amusipg, 
although not instructive to an e(iual 
degree, to glanceat the various methods, 
patent or otherwise, which have been 
BUggestetl from time to time to effect 
this purpose. The 8e[)arate actions of 
acids, alkalies, and chlorine ^ have 
l)een utilised ; friction and fusion have 
been resorted to ; and more recently 
electricity has been pressed into 
service. 

Of these methods I am only aware 
of three which have been employed on 
any large scale, viz. dissolving in a 
mixture of hydrochloric and nitric 
acids, and subseciuent precipitation 
of tin by metallic zinc ; treatment 
with caustic soda and litharge, forming 
soda stannate ; and the formation of 
tin tetrachloride by the action of dry 
chlorine gas. 

The last-named process is worthy of 
special mention, and is due to Prof. 
Lunge. The following is a summary 
of the details of the process ; — 

The cuttings with which we had to 
deal varied considerably in value. Some 
of the thicker ones contained little 
more than 3 per cent, of tin, while 
some of the tWnner kinds contained 
8-9 per cent. I considered 6 per cent, 
as about an average. The quantity 
obtainable was calculated at about 
6 tons per week, and the plant was 
designed to accommodate thBtquantity, 
fthftfging twice a day. The iron was 
designed to be converted into sulphate, 
a laige quantity of which could be 
disposed of at a high price ; the re- 
mainder was to be converted into “ iron 
mordant ” *, the tin was to be converted 
into stannous chloride, and other salts 


of tin employed as mordants, and 
largely used by the dyers of that neigh- 
bourhood. 

Arrangement of Baths . — ^The l^t 
plan was evidently to make the resist- 
ance of each bath as little as possible, 
consistent with facility of working, 
and then to arrange them parallel, or 
in series, or both, so as to include the 
resistance mentioned above. Eight 
baths were decided upon. These were 
made of wood, lined with rubber, and 
each had the following internal dimen- 
sions. Length 1150 cm., breadth 70 
cm., depth 100 cm. The thickness of 
the wood was 5 cm., that of the rubber 
3-4 mm. Each four baths were 
formed by the division of one large 
tank, 3 m. by IJ m., and the two 
tonks were firmly secured by iron bolts 
running from side to side. Placed 
longitudinally, they occupied exactly 
the breadth of the building, and they 
w'erc fixed at the end of the same, at an 
elevat ion of one metrefromtheground. 
In front was a platform, at one side 
of which was a door for the admission 
of the cuttings, after being washed 
and packed. The dynamo was situated 
in the engine room just behind the 
baths, and communication was made 
by two copper cables passing through a 
bole in the wall. At either side wall, 
and on a level with the baths, was a 
dissolving tank capable of accommoda- 
ting half the cuttings after the removal 
of the tin. A little farther on, and 
nearly on a level with the ground, were 
the evaporating down tanks. The crys- 
tallising tanks were situated beneath 
the ground level, so that the solution 
could be run off from one stage to 
another without any pumping arrange- 
ment. 

Anodes . — The anodes were composed 
of the tin scrap. Baskets were obtained 
to pack the cuttings in. These, at 
first, were made of wicker-work, but as 
they were too flexible, and soon rotted 
by the action of the acid, their place 
was supplied by strong woc^en baskets, 
whose sides were formed of stout up- 
right wtwden bars, 2 cm. thick, with 
spaces between them sufficient to allow 
2h2 
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the solution to circulate freely, while 
preventing the exit of the scrap. The 
mternal dimensions of the baskets were: 
Length, 120 cm. ; breadth, 30 cm. ; 
depth, 85 cm. Great care was required 
in packing the scrap, because, if it 
were packed too closely, the metallic 
surfaces thereby united, and prevent- 
ing the circulation of the electrolyte 
between them, necessarily retained 
their coating of tin. These boskets 
held 60-70 kilo, of the scrap, the eight 
being capable of accommodating about 
half the totahquantity required. Long 
and narrow strips of the same mate- 
rial were employed to complete the 
communication with the conductor. 
As the resistance of iron to the current 
is comparatively gr^t, a large number 
of tliese were required to prevent ex- 
cessive heating. At one end they were 
soldered together, and connected with 
the copper conductor by means of 
binding screws ; the other extremities 
were distributed throughout the scrap. 

(7a<Ao(i€«.— Copper plates were em- 
ployed as cathodes. These liad a 
thickness of 1^ mm., were l20 cm. 
long, and 95 cm. in breadth. There 
were 16 in all, two for each bath, placed 
one on either side of the baskets. To 
keep these thin plates of copper as 
plane as possible, each was surrounded 
by a framework of copper rod of 
square section. They were coated 
with tin to prevent corrosion, as well 
as to avoid solution by any accidental 
reversal of the current. These plates 
rested in grooves at the sides of the 
tanks, placed at a distance of 10 cm. 

, from the sides of the baskets. They 
were provided, as also were the baskets, 
with rubber rollers extending to the 
sides of the baths, enabling them to be 
raised out of the same with ease, and 
without injuiyr to the rubber coating. 

EUatrol ^. — Dilutq sulphuric acid 
formed the electrolyte. This was 
employed, not only on account of its 
eomparatively small resistance to the 
cuxirent, but also because it was con- 
venient to tom the solution into the 
iron sul{Me tanks, as soon as it be- 
came saturated with that salt, and all 


the tin had been precipitated from it. 
Commtercial acid of 60° B. was diluted 
with 9 volumes of water. • 

Above the tanks was a pulley ar- 
rangement for raising the baskets and 
plates out of the baths as required ; 
there was also an arrangement of levers 
and eccentrics constructed, whereby 
the baskets were kept in gentle motion 
in the baths, thus exciting circulation 
in the liquid, and tend/ng to prevent 
polarisation. The hdtizontal axis upon 
which the eccentrics were disposed 
madeabout two revolutions per minute, 
thereby raising the baskets a distance 
of about 5 cm. Levers were fulcrumed 
into the wall ; these passed over the 
eccentrics, and at their extremities 
ropes were fixed communicating with 
the baskets. 

The current was conducted by thick 
copper wires of several plies. Althou^ 
alre^y coated, they were enclosed in 
rubber tubing as an additional protec- 
tion. 

Theimngement of the plant having 
been detail^, it remains to give the 
results of the working of the same. 
The baths were first arranged in teriet. 
The connections being complete a 
current of 240 amperes at 15 yolts was 
passed through the plant, this proving 
to be the most economical conation oi, 
working. 

The tin deposited was at first of a 
spongy nature, owing to the great 
acidity of the bath. Soon, however, 
it bei^n to be precipitated in a more 
dense, extremely fine, granular, and 
partially crystalline state, which in- 
deed was preferable, as it fell to the 
bottom of the bath, and was not in 
danger of forming a communioatioa 
with the anode. I will not say thi^ 
the tin was “ chemically pure,” but it 
was purer than comment tin, and,* , 
when thoroughly washed, contained no ' 
trace of iron. It fused readily, 
almost completely, and that withoot^ 
any addition, provided It had preH- ^ 
ously been thoroughly washed 
dried. The rapidity with^ widoh it 
dissolved in hydncchJorio acid was 9^ j 
to be comparra to the sjioir 
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that liquid upon granulated tin, and , 
this rendered it peculiarly suitible for 
the preduction of stannous chloride. 

From the data already ^ven, the 
theoretical amount of tin deposited can i 
readily l)e calculated. The electro-che- 
mical equivalent of tin as a dyad, com- { 

pared with silver is - O' 546, 

107 ‘66 I 

and tliis is e(]uivalent to the precipita- ! 
tion of 67 ' 65 V ^ ‘ 546 = 36 • 94 mgm. 
of tin per minute per ampere. For 
240 amperes, working through 8 baths 
arranged in series, we obtain a total pre- 

=4-25 

X 1,000,000 

kilo, per hour. As a matter of fact, 
little more than half this cjuantity was 
obtained, the discrcjjancy being due to 
part of the current l)eing alworljed in 
dissolving the iron as well as the tin, 
as soon as the former tegan to get 
bare. This, together with the natural 
solution of the iron in the acid, led to 
the rapid accumulation of sulphate of 
iron in the l)aths. The acid here em- 
ployed took about seven weeks to In- 
come saturated. On analysis, the 
baths were found to vary in a very 
remarkable manner, first one and then 
another containing the largest quantity 
of iron. The tin, on the contrary, re- 
mained very constant in amount, both 
in the incfividual baths and in the 
total, the average being 1 '5 grm. per 
litre. Pure tin was deposited until 
the acid was saturated and no more tin 
was present in solution ; then iron 
hydrate began to form. This might 
be avoided for a time by the addition 
of more acid, but it was better to run 
the liquid into the “ green vitriol ” 
tanks, and add fresh solution. It was 
not at all necessary to continue the 
♦action of the current until all the tin 
had been removed ; In fact after a 
certain time the action on the iron j 
was even stronger than on the tin. j 
It was found in practice that after the I 
panage of 4hi$* current, for the space of 
0‘-6 hours, the quantity of scrap re- 
ferred to was sufficiently free from tin 
' to be dissolved in the iron sulphate 


tanks with the greatest ease ; the tin 
remaining unacted upon in the presencev 
of the large excess of iron always pro- 
vided for, and it was not' difficult to 
recover that tin, and utilise it with 
the rest. 

In mldition to the consideration of 
economy, this method possesses ad- 
vantages which are well worthy of at- 
tention, especially where iron sulphate 
and “ iron mordant ” are marketable 
products. As has l)een observed, the 
tin is preeijatated in a pure form, and 
in a state of fine division. It may, 
therefore, Ixj either fused and sold in 
the metallic form, or it may be con- 
verted into stannous chloride, or other 
salts, for which it is exceedingly well 
suited, owing to the ease with which 
it is dissolved. In the process in 
which the scrap is acted on by 
chlorine gas, no choice exists as to the 
form in which the tin shall be sent to 
the market, tetrachloride being the 
constant product. The same remark 
applies to the method where caustic 
soda and litharge are employed, and in 
other respects this latter method has 
little to recommend it, judging from 
my own observations. The other pro- 
cess which I mentioned is also unsatis- 
factory. In employing a mixture of 
hydrochloric and nitric acids, con- 
siderably more iron than tin is dis- 
solved, and when the tin is precipitated 
by metallic zinc, the contamination of 
the iron chloride with zinc chloride 
renders it of little value. I do not 
claim perfection for the method I 
have advocated. It is capable, how- 
ever, of considerable modification. A* 
better electrolyte could doubtless be 
found ; probably a solution of stannous 
sulphate would be the best. 1 think, 
however, 1 have proved that this pro- 
cess is practical, simple, and economical, 
and further that it presents the ad- 
ditional advantages of purity of product 
and variety of utilisation, tlius render- 
ing it well worthy of a wider appli-i 
cation. 

The cost of the tin scrap at the 
locality spoken of was only 2 francs 
per ton. (Dr. J. A. Smith). 
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(d) Tin plate waste is treated with 
dilute chlorine at a temperature 
above the boiling point of chloride of 
tin, so that the latter immediately 
after its formation is carried away in 
the form of vapour, as, if it remains in 
the form of a fluid in contact with the 
residues, it gives rise to the formation 
of chloride of iron, chloride of tin 
being reduced. The vapours of chloride 
of tin are precipitated by steam or by 
contact with moist surfaces in roomy 
condensing chaml)ers, or are absorbed 
by chloride of tin solution of medium 
concentration. 

(c) Bring the tin plate waste into 
con^t with sulphur in a boiling-hot 
solution of sodium sulphide, whereby 
the iron is completely freed from tin. 
The waste thus fr^ from tin is 
thoroughly washed and dried, heated 
to a welding heat in tubes of roUed- 
iron, taken out and hammered into | 
rod-iron. The solution of sodium 
sulphide holding the tin is evaporated, 
the residue calcined in a reverberatory 
furnace and the calcined mass reduced 
to tin, at a raised heat, by means of a 
mixture of small coal, charcoal and 
calcined soda or burnt lime. 

Lead from Zinc.— Melt the alloy, j 
The specifically heavier lead collects in { 
the lower portion of the crucible, while i 
the lighter zinc stands above it and 
can be poured off. ’ 

Nickel.— For the utilisation of 
waste from rolled and cast-nickel 
anodes and of the nickel sand gradually 
collecting upon the bottom of the vats, 
the following method is recommended : j 
Wash the waste repeatedly in clean hot 
water, and then boil in dilute sulphuric 
acid (1 part acid to 4 water) until 
water poured upon the waste is no 
longer clouded by it. Then pour off 
the liquid and treat the waste or sand 
with concentrated nitric acid. Tliis 
must be done very carefully, and a 
large poi^lain vessel should used to 
prevent the solution, from running 
over. When the solution is sufficiently 
concentrated, so that it contains little 
free acid, it should be filtered and 
slowly evaporated to diyness over the 


water bath. The product is nickel 
nitratef The nickel nitrate thus ob- 
tained is dissolved in hot distilled 
water, and the solution precipitated 
with caustic soda carefully and gradu- 
ally added . The precipitate of hydrated 
nickel oxide is then carefully filtered 
and washed, then treated with dilute 
sulphuric acid with the aid of heat 
until solution has taken place. The 
solution is concentrated by evapora- 
tion and an excess ‘of concentrated 
I aelution of ammonium sulphate is 
added. The precipitate is the double 
I sulphate of nickel and ammonium, or 
i Adams’ nickel-plating Halt, which is 
I commonly used for nickel-plating. 

I Nickel from Old SolutioiiB.— 
Urquhart proposes the following plan : 
Make a saturated solution of ammo- 
nium sulphate in warm water, and add 
to it the old nickel-plating solution, 
with constant stirring, and, after the 
lapse of a few minutes, a granular 
I precipitate of the double sulphate of 
I nickel will begin to separate. The 
addition of ammonium sulpliate should > 
be from time to time continued, until 
the liquid is colourless. The precipi- 
tated salt is very pure, and may be 
used directly in making a new bath. 

Using up Old Tin Cans.— The 
following are some of the processes 
adopted in dealing with old tin cans in 
a factory near New York. 

The principal products of this es- 
j tablishment, which is a foundiy, are 
! window-sash weights, elevator weights, 
and ballast for boats. The weight 
castings are very hard and, when 
struck with a hammer, ring like steel. 

I About the only tool wliich can be 
, used for removing sprues and fins is 
! the hammer, as a cold cliisel or file will 
i not stand up to the vrork. The frac- 
ture of the round sash weights is 
smooth, and shows crystals mating 
^ from the centre like spokes of a wheel. 

I After delivery at the foundiy the 
I cans are first piled upon a huge irmi 
grating, locat^ under" a '^sheet-irOD 
hood which terminates in a smokestack. 

! They are sprinkled liberally with crude 
oil which is set on fire. This prooeis 
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consumes the labels, loosens the dirt 
and melts the solder, whicu falls 
through the grating, is collected, 
wash^ and melted, cast ihto ingots 
and sold to be used again. 

Some of the cans, which have simply 
lapped and soldered joints, melt apart 
completely ; these are sorted out and 
the sheets forming the shell are 
straightened and bound into bundles 
to be sold to tf u\)k makers, who utilise 
them for protecting the comers of 
Sanitnga trunks. They are also 
bought by button manufacturers, who 
stamp from them the discs used in 
cloth-covered buttons. 

The remainder of the cans, being 
machine made, do not come apart. 
These are loaded into large (»rts, 
taken to the charging floor on an ele- 
vator, and dumped into the cupola. 
The cupola is fed with coke and cans 
in alternation. There is occasionally 
an old wash-boiler or a bundle of tin 
roofing used, but wins form the bulk 
of the material. The cans arc so light 
that some of them are carried out at 
the top of the stack by the force of the 
blast, and a large screen has Ixjen 
arranged to prevent the pieces from 
falling on the roof. 


Water Gauges. 

Klinger’s water-gauge consists of a 
metallic casing capable of standing high 
pressures, the A type for low-pressure 
boilers up to 90 lb., being test^ up to 
300 lb. steam, and the B type for 
higher pressure boilers being simi- 
larly tested to .'iOO lb. steam ; the 
arrangement, see Fig 295, consists in 
the first place of a gun-metal frame, 
having ends corresponding in size and 
shape to the ordinary gauge-glass, and 
which am l)e fixed on to any existing 
boiler mounting (Fig. 296). Into this 
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casing is inserted an observation glass, 
I to I in. in thickness, the glass being 
specially hardened so as not to break, 
even under changes of temperature of 
the most sudden character, and to be 
capable of resisting a very high pressure, 
The back of this gloss is of prismatic 
form, with the result that the water* 
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level is veiy distinctly marked, owing 
to the fact that glass and wat^ have 
not greatly .differing indices of refrac- 
tion for light, while that of steam 
differs much from either. Hence light 
entering the gauge above the water 
level undergoes the total reflection 
against the prismatic back of the glass, 
which here shows up like silver ; while 
below the light passes on through the 
glass into the w'ater, and this portion, 
therefore, shows up dark. So great is 
the contrast thus obtained tliat the 
water level can be seen even at a dis- 
tance of 30 yd. from the gauge. By 
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this means a quick and reliable obser- 
vation can be made of the water level, 
mi n im i sing the risk of explosions and 
accidents such as before referred to, as 
well as enabling the man in charge of 
the boiler to keep always a steady 
^water level, which j^tly increases, 
the life of a boiler, while the construc- 
tion of the metallic easing in which 
tltt ^nge-glass is insert^ renders 
superfltious any further protecting 
device, such as wire netting, etc., 
and the glasMS not being lutble to 
breakage, the expense of replacing 
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them {B saved. The Reflex Water 
> Gauge is also made complete (Fig. 
297), fitted with best asbestos-packed 
cocks. This gauge has the same im- 
provements as the attachable gauge 
described above, with the further ad- 
vanti^es of doing away with stuffing- 
boxes altogether, and giving the longest 
possible water range. 

It should be particularly pointed out 
that the distinctness cf the indications 
oj the gauge does not depend on lumi- 
nous paint or similar expedients, but 
that the contrast of black and white 
colour is obtained by^jmeans of* the 
glass itself, which, as before stated, is 
shaped prismatically, so as to allow 
the rays to ])cnetrate in one place, and 
reflect in the other, an adaptation of a 
scientific fact wliich is most effectual. 
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Water Softening 

FOB COMMERCIAL AND DOMESTIC 
PURPOSES. 

{See also Roilek Incrustation). 

It will be understood that any process 
that may be adopted to “soften” 
water is inteildgd to remove lime, 
which is held in solution, and which 
gives water the property of “hard- 
ness.” 

Hard water prevails, with few ex- 
ceptions, thrcfUghout tlie southern 
half of England, and in many districts 
in the north. In all cjises, the hard- 
ness is due to the presence of lime or I 
magnesia, or both, and as they are in [ 
solution, no filtering proctiss can be i 
successful in removing these mineral j 
impurities. 

The hardness of water is of two | 
kinds, temporary and permanent. I 
The former owes its name to the fact ! 
that the lime is precipitated and the i 
water softened when it is heated and | 
boiled. With the so-called permanent i 
hardness, the lime cannot be precipi- i 
tated nor the water softened by boiling. ! 
It is the temporary form of hardness I 
that comes to most common notice, as > 
it accounts for the incrusted deposit, 
or “fur,” which appears in kettles, 
boilers, pipes, or any vessels in which 
hard water is boiled or circulated. 

Limestone or chalk (carbonate of 
lime), which may be said to have a 
composition of one atom of lime com- 
bined with one of carbonic acid, is an 
insoluble substance (or but very 
sparingly soluble), yet by doubling the 
aoqiount of carbonic-acid gas, making 
it bicarbonate of lime, it becomes 
highly soluble. Notwithstanding tliis, 
the extra volume of carbonic acid is 
very loosely held, as the mere boiling 
of the water drives it off and causes 
the solid carbonate to appear and 
collect as a h|rd deposit-sede, or fur, 
as it is called. 

Thoreare two distinct advantages to 
befsined by Bofteai&g water. The first 




is the prevention of lime deposit in 
vessels and boilers in which water is* 
heated ; the other is that less soap is 
required and better results are ob- 
tained in any washing process. It is 
the “ temporary ” liardness only that 
accounts for the lime deposit when 
water is heated, and were the hardness 
confined to the permanent kind no 
softening process would be needed for 
boiler-water. In wasting soap, the 
hardness of both kinds is effective, the 
action being, rouglily speaking, the 
conversion of a certain quantity of the 
soluble washing soap into an insoluble 
lime soap, this appearing as a curd or 
scum on the water. 

It is calculated that 1*2 lb. of soap 
is necessarily wasted in the use of each 
1000 gal. of water, for each degree of 
hardness. London waters vary in the 
amount of lime they carry, but the 
average is Ifi*^ (16 gr. per gal.), there- 
fore this gives 19 lb. of soap per 1000 
gal. used for wasliing clothes, a quan- 
tity that may be used each month in 
a country residence and each day in a 
small laundry. In country residences, 
however, the hardness commonly ex- 
ceeds 16^, well-water often reaching 
30'’ to 35”. Some, if not all, of the 
London waters would be harder than 
they are but for the fact that they are 
partially softened before they enter the 
reservoirs or mains. 

There 'are several water-softening 
plants or installations suited for do- 
mestic uses on the market. With 
some of these the ingredient used for 
8oftenij% bears a fancy name, while in 
others the makers plainly state that 
lime only, or lime and soda are the 
materials used. It is possible that 
the fancy-named ingredients may have 
some other substances mixed in them, 
but, so far as is generally known, lime 
(pai^oxical though it seems) is the 
material chiefly used to remove lime 
from water. The discovery of this 
fact was made and patented by a Dr. 
Clark, and in general application it is 
still commonly spoken of as Claim’s 
prooessi There have been several im- 
provements made, chiefly with a view 
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of facilitating the removal of the pre- 
cipitated lime. 

As previously explained, the hard- 
ness of water is due to lime which is 
in solution, its existence in this state 
being caused by an extra volume of 
carbonic acid. If a substance is intro- 
duced that will take this extra volume 
of carbonic acid, the bicarbonate will 
be changed to carbonate of lime and 
be precipitated as a solid sulistance. 
Ordinarylime (oxide of calcium), which 
has an affinity for carVjonic acid, will 
do this ; and, made into a cream with 



water and mixed in proper proportion, 
a precipitate will follow. Put in 
chemical terms the reaction is as fol- 
lows 

CaO, 2(C0s) + CaO = 2(CaO, CO,) ; 

or, 1 molecule of bicarbonate of lime 
+ 1 molecule of lime become 2 mole- 
cules of carbonate of lime. 

Or, by mixing two forms of soluble 
lime we obtain one form of insoluble 
lime, which settles down to the bottom 
of the softenihg-tank. • 

The permanent fmin of hardness is 


also due <k} lime,* but instead of a 
bicarbenate it appears as a sulphate 
(plaster of Paris), which does .not be- 
come precipitated when the water is 
boiled. To deal with this, carbonate 
of soda (ordinary washing soda) is 
used, the effect of this being to con- 
vert the sulphate of lime into the 
insoluble carbonate of lime already 
described. 

The cost of softening water in resi- 
dences, omitting tile labour, which 
auiiy l)e that of a domestic servant, 
and omitting interest on outlay, is 
from Id. to 3rf. per 1000 gal., 
according to the siz% of the appar- 
atus installed, and the hardness of 
the water. 

The chief details of Maignen’s 
water-softening apparatus are given 
iu Fig. 298. With tliis the soften- 
ing material used is the maker's 
“ Anti-calcaire,” and the apparatus 
iKitng automatic in action, it is 
stated only to require the upper 
hopper to be fill^ once a week 
(or at longer intervals), while the 
settling tank and filter only need 
flushing out once in three months. 
There is nothing about the plant 
to make the softening of water 
troublesome or difficult in a house 
where an intelligent lad or gardener 
is employed. The material, “ Anti- 
calcaire,” acts on both the bicarbon- 
ate and the sulphate of lime to 
throw them out of solution. This 
apparatus, to work automatically, 
requires to be served by a wab^ 
company’s main, or a storage cistern. 
— towns the former would apply, but 
I with isolated houses which rely on 
' private wells, the daily supply would 
j need to be pumped up intoacistam 
1 above the level of the softening pladt. 
Prom this cistern the water flows 
through the ball-valve shown. 

I There is now the question of the 
saving effected by soft water, as com- 
' pared with hard, when heated in bdllert. 

I Confined as this article is to compM^* 

I * It sboald be lasntloiMd that macDeilals 
commonly present with tba lime, sncT le pth 
duotive of bsfdaeai, bat the eofleiilD tnM- 
meat removes this. 
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tively small requirements, tUb question i 
of boilers must be confined to t!hat of 
the kitohen range— the bath or circu- 
lating boiler. No fixed rul« or table 
can possibly be suggested, but in mod- 
erately busy houses, using water of 
normal hardness, say 16”, the range- 
boiler has to be cleaned out twice 
yearly. By cleaning out is meant, of 
course, the removal of lime deposit or 
fur. The a\eri^e charge for this is 
1 Os. for each occasion, or U. per annum. 
An additional expense, incurred by ^he 
lime, is that more fuel has to be burned 
than is needed with a clean boiler to 
heat a given l[uantity of water. In 
the average of houses the deposit of 
lime in 6 months is ^ in. thick, a mean 
thickness of i in. for the whole period. 
Limestone is a poor conductor of heat 
— 17 times worse than the iron of the 
boiler-~-and the retardation of heating 
due to this cause is serious, and at a 
low estimate the lime deposit increases 
the consumption of fuel, for given 
results, by from one-fourth to one- 
third. This probably means 20 to 30 
lb. of coal extra per day in most houses 
of good size, say 3 tons per annum. 

Next there is the wear of the boiler. 
In the typical house under considera- 
tion, the plate of a range-boiler will 
usually be burned through in 2 years, 
if the lime deposit is not regularly re- 
moved. It cannot be supposed, how- 
ever, that it is destroyed to the extent 
of one-fourth in the first 6 months 
(assuming it is cleaned every lialf -year), 
but that it has received a certain 
amount of injury due to the lime there 
can be no doubt. The injury per 
annum may be valued at IL, or less, 
but that it is a real one is certain. It 
will be seen, therefore, that the soften- 
ing of water for domestic uses is a good 
thing in the most practical sense, both 
in the saving effect^ in meeting thehot- 
water demand, and in the saving of soap. 
In addition, eveiy housewife well knows 
that soft water serves many purposes in 
a greatly superior manner to hard water. 

is why the rainwater tub or tank 
exists as an adjunct to so many homes 
that are served by hard water. 


Water Supplies 
TO Isolated Country 
Houses. 

{Stc also Filtering, Htdraulic- 
Ramb, Pumps, etc.) 

The important points to be considered 
are as follows ; — Quantity of water 
that should be provided per person ; 
means of collection and storage, and 
tlie qualities of the water, and the 
possibility of it being contaminated at 
any point. 

The quantity of water usually al- 
lowed each person in a private house- 
hold is twenty -five gallons, this sufficing 
for ablution, including bath, cooking 
and general servants’ use, water-closets, 
and clothes washing. In allowing this 
quantity per head, all servants and 
employees are counted. Assuming 
that there are stables, the men in 
charge and the horses should be 
counted in, as much water will be 
used. This is supposing the house 
cisterns are drawn upon for every- 
thing ; but if separate wells or supplies 
are us^ for stables and laundry, then, 
of course, they need not enter into the 
present calculations. In country house 
work, where the water is only obtained 
by manual or mechanical labour, the 
minimum of water is allowed per head 
as a rule, but, for general purposes, 
twenty-five gallons should be con- 
sidered the least practical quantity, 
and thirty gallons are undoubtedly 
better. 

In many places well water is not 
relied on to any extent, but the whole 
supply is rain water, collected in un- 
derground tanks. In couiitary places 
the contamination of rain water by 
organic mattery in the air need scarcely 
be considered, but the impuriti^ it 
may come in contact with, after reach- 
ing the earth, Require every attention. 
Where a pond or small laAe is relied 
on, then it is very necessary that cattie 
be kept from the land near it, or the 
1 rain water which drams into ^e lake 
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will be polluted. From this point 
there is usually a supply taken which 
goes to fill an underground storage 
tank, either by gravity or by the aid 
of a pump, but between these points 
the water should undergo sand filtra- 
tion to remove suspended matters. 
(See Filtration.) 

With roofs which are slated, there is 
no reason why the rain falling on the 
surfaces should not be collected and 
stored ; and houses of g(K)d size, com- 
pared to the number of inmates, have 
a roof area capable of yielding all the 
water that is required. A slated roof 
, yields water with the least impurities ; 
but tiled roofs, unless periodically freed 
,from moss and dirt, are not good. As 
a fall of rain is very uncertain as to its 
occurrence, and as to quantity, it is 
proper to provide underground storage 
capacity for at least one-fourth of a 
year’s supply. 

To calculate the rainfallascertainthe 
average for the district, this informa- 
tion &iug usually readily obtainable 
whatever the rainfall may be per 
annum, though it must not be sup- 
posed that the whole can be collected. 
Showers often make no more tlian a 
little moisture in a gutter ; and with 
moderate falls much of the water is 
evaporated. With “separators," («cc 
Rain-water Separat.rs) which 
should always be used for this work, 
at least a fourth of that available 
runs to waste, so that little more 
than half a year’s recorded rainfall 
can be relied on for storage. 'To 
arrive at the quantity that can be 
collected in this way, the flat plan of 
the roof is measured (not making any 
allowance for slope of roofs), and this 
area can be multiplied by half the 
rainfall in inches, which will give the 
result in gallons. Thus, a roof of 
20C|pft. area multiplied by 12^ (being 
half a 25-in. fall) will yield 25,000 
gidlona, and this will be the full total 
yield^ Mthout any allowance for loss, 
evaporation or other means. Conse- 
qu^ty this should be halved to find 
the amount that can be stored with 
cer^ty ; or if the area is first multi- 


plied J)y one-fourth of the rainfall in 
inches the same figure will be obtained. 

The “separators” alluded *to and 
described'on another page are ingenious 
devices by which the ^t washings of 
the roof by rain are diverted into the 
drain or to any desired point, for this 
first water will carry dust, insects, 
birds’ excreta and other such objec- 
tionable materials with it. After a 
certain amount has p^ssbd a movement 
occurs in the appliance, which then 
ditticts the water into the storage 
cistern. Without a separator, roof- 
water should not be used except after 
first passing it througll strainers and 
sand filters, for it will be understood 
that a roof, after two or three weeks' 
dry weather, collects many objection- 
able matters wliich a storm thoroughly 
removes and carries mto the down 
pipe. 

In making underground tanks there 
should be an overflow provided (care- 
fully trapped and disconnected), also 
air inlet and ventilating outlet. The 
overflow is to provide against possible 
upheaval of the ground over the tank, aa 
a heavy storm, when the tank is already 
nearly full, will tax its capabilities. 
The tanks are brick built, puddled out- 
side, and well trowelled in cement on 
the interior. This is necessary, not 
only to prevent loss of water, but to 
stop possible ingress of surface water, 
containing impurities from cesspools, 
etc. It should be made a watertight 
tank, with convenience for occasional 
cleaning, and the overflow, as previ- 
ously mentioned, must be carefully 
protected from foul odours, vermin, 
etc. Means of calculating capadtisii 
of tanks will follow, but it may be 
mentioned here that it is only requisite 
to multiply the length, the widtn, and 
the depth, and t^ hj 6}, to obtain 
the holding capacity in gtdlons : 
a tank 20 ft. by 10 ft. by 6 ft, deep 
has 1000 cub. ft., and this muh||[diea 
by pves 6250 gal. (a cubic wt ^ 
water is gal. veiy nearly). 

If desirable, a separate storage, tw; 
can be provided for washing p ui p o aei 
in stables and laundries and imdlir 
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use, the catchment area not neceasarily i the water submitted to examination Iw 


being the roofs, but any hard* clean 
surface tof yards, etc., which are not 
fouled by animals. This water, how- 
ever, should not be used for dnnking 
or cooking, neither should there be any 
possibility of it becoming mixed or 
being drawn with that used in the 
house. It is best to have storage 
tanks divided, or in very large houses 
to liave sever'-V that one part can be 
emptied and cleaffed without discliarg- 
ing the whole of the water in store, 
and the cleaning should be done during 
the season that water is generally most 
plentiful. • 

The water of streams and small rivers 
is largely rain-water, when rain occurs, 
but at other times it may possibly be 
spring water, which, as a rule, is very 
wholesome. Spring waters have in- 
organic impurities, but this latter word 
creates a wrong impression, as natural 
inorganic matters in solution with 
water are not usually objectionable. 
Lime is one, which goes to make water 
hard, but this, except in excess, is per- 
haps more beneficial than otherwise ; 
certainly it is in its effects on iron and 
lead pipes and cisterns, but this will 
be spoken of later. The water of 
springs and rivers have therefore to be 
tmted as rain-water in regard to or- 
ganic impurities, for unusual care would 
have to be exercised to prevent the 
washing of fields, with the excreta of 
cattle, etc., having a natural drain^e 
to the stream. There is, it will be 
understood, a natural purifying process 
going on in all streams by means of 
plants and other agencies, but with 
flood and storm waters there is much 
solid and impure matter carried down. 
On this account water from these 
sources must be treated by filtration, 
but a sand bed or filter is usually suf- 
funent before the water enters the 
storage tanks. 

With regard to well waters, wells 
are glneralTy considered as deep when 
ezce^ng 50 ft. in depth, while a less 
depth th^ this is (»dled shallow. It 
is a wise plan, whenever there is doubt 
ai to the purity of the water to have i 


a competent analyst. When the con- 
ditions are normal, shallow well waters' 
are open to suspicion, but deep well 
waters are usually wholesome and good. 
Shallow wells would be as free from 
ill features as deep wells, if it were 
not for human ingenuity in some form 
or other. For instance, the water, 
which is, of course, only subsoil water, 
may come off cultivated land which 
lias been fertilised with some sort of 
manure. Then, again, there is the 
risk of contamination by cesspools, 
privies, dust-heaps, etc. ; and in dis- 
tricts where the subsoil is of an open 
gravelly nature, no cesspool should be 
within a distance of less than 200 ft. 
of the well. The risk depends in a* 
great measure on the quantity of water 
pumped, for if the pumping is not 
continued for long periods there is less 
risk of impure water being brought 
into the area of that which is pure. 
In other words, the smaller demand 
there is at the pump, the less the dis- 
tance it may be from suspected spots, 
if distance is an importimt factoy in 
the question. It should also be men- 
tioned that with country houses there 
is the likelihood of cattle being pas- 
tured on or about the ground where 
the well is sunk, and if this is not 
guarded against there is a strong proba- 
bility of the subsoil water being pol- 
luted by this means. It depends to 
some extent upon the nature of the 
ground, but it is the best plan to 
fenee the ground off for, say, 200 ft. 
round the well if cattle are about. 

Before proceeding to describe the 
different macliines and appliances for 
raising water, some particulars as to 
the composition of water and its action 
on metals may be given. It was pe- 
viously mentioned that water often 
carries inorgai^c impurities, whidh, 
although generally non-injurious' to 
health, have to be conside!^ by the 
plumbw, as do qlso the effects of water 
which is without them. This inlor*, 
mation lai^ly relates to the action of 
hard q^d soft waters, that is, wafw 
with or without lime in solution. The 
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hardness of water may be tempora^ 
or permanent, the former owing its 
name to the fact that, by boiling, the 
hardness can be effectually disposed 
of, while the latter is proof against 
boiling, and can only be removed by 
chemical process. The sulphates of 
lime and magnesia are generally ac- 
countable for this so-called permanent 
hardness, while carbonates of lime and 
magnesia account for the hardness 
which is removable by boiling. The 
effect of boiling is to precipitate these 
ingredients, causing a stone-like deposit 
in kettles and boilers wliich is com- 
monly known as ‘ ‘ fur. " (See Kitchen 
Boilehs). 

The ^rdness of water is usually 
considered objectionable owing to the 
deposit it creates, and also to the 
waste of soap it incurs. It is stated 
that the Kent Water Company’s water 
can cause a waste of 265 lb. of soap 
for every 10,000 gal. of water,' whereas 
the soft water of Manchester will only 
waste 32 lb., Glasgow 4 lb., and Lan- 
caster 1 lb., with the same quantity 
of water. Hard water is not so plea- 
sant to use, at least for washing pur- 
poses, but after all objections there 
are numbers of engineers in the north 
of England who say that our hard 
waters of tho south are preferable to 
the soft waters they have there. Soft 
water is very active in attacking cer- 
tain metals, particularly iron and lead, 
and zinc ; and when this water has a 
funt trace of acidity, the action is 
most marked and destructive. 

Wrought-iron pipes do not last long 
with soft water, and while they are in 1 
use the rusting is so great as to make I 
the water quite red, in many cases | 
unfit even for bathing purposes. With 
lead there is no noticeable discoloration 
of the water, but the oxidising process 
is just as strong, aivl the water is 
rendensd unfit for drinking purposes, 
being poisonous. Lead poisoning has 
oocunred to serious extents in several 
distncts served with soft water through 
leaden pipes (or leaden cisterns), and 
this is the more easily done, aa»lead is 
a cumulative poison, coUecting in the : 


system when taken repeatedly until 
sufficient to have an injurious effect. 

Zinc has a similar ill effect on the 
system, ifot so marked perhaps, but 
fully enough to classify it as dangerous, 
so that 1^ and zinc can seldom be 
used in districts served with soft 
waters ; nor can galvanised iron, of 
course, as this is merely iron which 
hasbeendippedinmoltenzinc. Tinned 
copper, also tin-line^ iron and lead 
pipes, are used in such cases, and 
prove an expensive remedy, sufficient, 
as stated, to make the engineers of 
those districts think well of the harder 
waters which cause noneJof this trouble. 
It is said tliat in some places the ill 
effects of soft water on lead pipe have 
been obviated by the admixture of 
about five per cent, of tin with the 
lead of which the pipe is composed, 
for tin is proof against injury by soft 
water. It is quite possible to luuden 
water by adding lime to it, if the cir- 
cumstances make it desirable ; but 
this is not so simple a task as may at 
first sight appear. Limestone, that is, 
ordinary c^lk or carbonate of lime, 
is not soluble in water, unless it has 
an added volume of carbonic acid gas 
in it. With this gas present (as about 
to be explained) the water will freely 
take the lime into solution. 

It is the presence of lime in hard 
water that prevents the destructive 
action which soft water has on iron, 
lead and zinc, and in hard-water dis- 
tricts pipes and storage cisterns of 
these metals are used freely, and give 
no more trouble than occurs from ordi- 
nary wear and tear. The generally 
accepted explanation of this is that 
soft water does not attack metals if it 
carries no carbonic acid gas in it, but 
as water has a great affinity for this 
gas, and there is everywhere abundant 
means for their coming together, th«r 
are always very closely associated. ' 
When lime is present, however, there 
is then a material which the gas 
has a still greater affinity for, and in 
I combining with the lime becomes in^ 
as to any destructive combination with 
! the water. The outcome of this is 
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that plain iron pipes seldom gfve trouble | The process most generally known 


with rust when conveying thi* hard 
water, either hot or cold, nor do lead 
pipes or galvanised cisterns have their 
surfaces dissolved or oaten away, and 
the water may Imj drunk freely. 

Hard water is more ])alatable, and 
brighter, than that which is soft, and 
is usually preferred by users except 
for washing purj)oses. The waste of 
soap is, in i1.s«lf, hardly worth con- 
sidering, for altnough it is recorded 
that a change of water at Glasgow 
with a reduction of degrees of hard- | 

ness made a difference of 36,000/. per j 
annum in tha consumption of soap, 1 
yet this would only save the small I 
sum of two shillings to each inliabitant 
per year, with jiresumably a loss of 
the larger sum to soap manufacturers 
and those they employed. If it was 
desirable to make tins change, then 
every etlbrt is desirable to ellect it, 
but as the softer water brings more 
troubles in its train, the actual gain 
to the consumer is not so real as it 
ap{)cars. 

The majority of tlie hard waters 
served by the water companies in the 
south of England are not so hard as 
when first collected, for they undeiigo i 
a softening process by which a propor- 
tion of the lime in solution is precipi- 
tated before the water enters the 
service mains. This process is not 
carried to such an extent as to make the 
water quite soft, but reduces the liard- 
ness to from 10 to 16 degrees, this 
being 10 to 16 grains of lime per gal. 
of water. Filtration has practically 
no effect in removing lime in solution 
from water, for the lime is in a fluid 
condition itself, and freely passes 
through the filtering material ; it is 
only when precipitated by Iwiling or 
chemical process that it assumes its 
solid and visible form. It is considered 
that hard water is quite suited for 
mneral consumption if the liardness 
does not exceed 16 degrees, and any 
well or other waters liaviug a greater j 
percentage of lime or chalk tlian this 
should be subjected to some softening 
process. 1 


and approved is Clark’s, an ingenious 
but simple plan by wliich the additiorf 
of a certain proportion of Kme has the 
effect of absorbing the excess carbonic 
acid of the bicarbonate of lime in solu- 
tion, and by this means converts the 
whole into an insoluble material which 
is immediately precipitated. This can 
be effected on a small scale, but there 
areother processes which are, the writer 
believes, modifications of Clark’s, pre- 
pared and more suited for domestic 
requirements. Doulton and Co,, and 
several other firms, make a complete 
apparatus or plant suited for country 
houses, arranged so that it may be 
used by an unskilled person, a gardener, 
or whoever attends to the water supply 
of the building. The necessary features 
of such an apparatus are that there 
must be provision for mixing the lime 
in proper proportion, and this, wliich 
is in the state of a milk of lime, has 
to lie properly added to the water under 
treatment. The water is treated in a 
separate tank.as the precipitated matter 
must not be allowed to enter the house 
service pipes ; and only after the water 
has been completely dealt with is it 
allowed to enter the house cistern. 
This operation can be regulated to 
decrease the hardness as .desirpd. 

A new softening apparatus, recently 
given a favourable notice in the Lancet, 
is styled the Lawrence process of soft- 
ening and sterilising water. This is a 
boiling process, and waters which have 
their hardness due to carbonate of lime 
(as the majority of hard waters have) 
can be softened by being boiled. Boiled 
water is soft, but it is also flat and 
insipid to the verge of being undrink- 
able, and one object of this process is 
to revive the water after boiling and 
make it palatable. It is claimed that 
the cost of wording is very small, with 
the important advantage that water 
softened by this means is also sterilised 
and safe to driijk, even if drawn from 
a doubtful source. The softening can 
^ partial if desired, so as not to leave 
the w^ter absolutely free from lime, 
and the makers do not appear to have 
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overlooked that very requisite feature, 
viz. a simple means of removing the 
lime that is deposited in the heating 
chamber. It is stated that this appa- 
ratus, which can be worked with gas, 
oil, or a fire, gives very economical 
results for the end attained, and this 
is largely due to the fact that the hot 
softened water is utilised to heat the 
new inflowing water, and by this means 
not only does much towards heating 
the water which is as yet unboiled, 
but also is itself cooled. 

In r^rd to raising water from its 
source, the means are practically 
limited to two, viz. the hydraulic ram 
and the pump, but the variety of ways 
by which pumps may be worked is 
considerable.- Where there is a fall of 
water to be had, and the water is of 
suitable quality (being afterwards fil- 
tered if necessary), then the ram gives 
excellent results. It is, of course, 
automatic in its action, costing nothing 
for power and little for attention ; 
and as instances are known of rams 
raising water 800 ft., 200,000 gal. a 
day, ^m a distance of two miles, there 
seems little room to wish for anything 
more efficient than this. Of course, 
such results could only be liad from 
very laige rams with good falls. 

Bams can be had to work with falls 
(or head of water) varying from a few 
inches to 30 ft., but the latter should 
be considered a maximum, and may 
be reduced with advantage, as the 
wear and tear would be considerable. 
The quantity of water that can be 
raised ly a ram and the distance it can 
raise it are in ratio with the fall, and 
the quantity of water raised to that 
wast^ is in ratio also. Where the 
fall of water is but trifling it can usu- 
ally be augmented by damming the 
streun, but, of course, eveiy care is 
necessazy to see this does not cause the 
stream to overflow i^ banks at any 
point. When the water supply is in- 
Aifi^ent to work a ram continuously, 
it oanhe made to work intermittently, 
that Isj to disohai^ water at intervals, I 
and rest between while the water is 
collecting. This is usuidly arranged I 


by a syphon, but an automatic valve 
can ako be had to effect this. 

A reliable table to estimate the 
efficiency of rams from (supposing the 
rams to be of good make, such as 
Blake’s, Keith’s, etc.), and to judge 
what percentage of work they can do 
with certain proportions of fall and 
height of rising main, is as follows 
(‘ Thresh ’) ; — 




Degree 



Degree 

Ml. 

Height 

Rai^. 

of 

Effl. 

Fall. 

Height 

Raised 

of 

Effl- 



ciency. 



ciency. 

yd. 

yd. 

per 

cent. 

yd.'^ 

yd. 

per 

cent. 

1 

2 

86 

1 

7 

60 

1 

3 

76 

1 

8 

58 

1 

4 

70 

1 

9 

56 

1 

6 

66 

1 

10 

54 

1 

6 

63 

1 

12 

52 


Or another way in which the infor- 
mation has been put is as follows : — 

10 gal. per min. raises 3000 gal. per 
day 100 ft. high with fall of 30 ft. 

10 gal. per min. raises 2000 gal. per 
day 100 ft. high with fall of 20 ft. 

10 gal. per min. raises 1000 gal. per 
day 100 ft. high with fall of 10 ft. 

10 gal. per min. raises 500 gal. per 
day 100 ft. high with fall of 6 ft. 

A further table, that is also of use 
in determining the sizes of rams and 
their connections, is given by Hughes, 
Sutton and Digby, Ltd. 

To obtain a necessary or increased 
fall the ram can be sunk to any poanble 
extent, provided the waste or ta^ 
water canrun away. In stormy weather 
a ram may become submeiged to a 
trifling extent, but this does not pre- 
vent its working. 

To ascertain what quantity of water 
a small stream can supply, it can be 
gauged by fixing a straight t^-edged 
boud across to act as a sill, and alt tibe t 
water must be made to pass over > 
edge of this board and none utids^ ; 
neath. The depth of water on the aSl 
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Dla- 
meter 
of Fall 
(Injec- 
tion) 
Pipe. 

Diameter 
of Delivery 
• (Rlilng 
Main) 
Pipe. 

Quantity of ' 
Water avail- 
able to work 
Ram (in 
Gallons per 
Minute). 

Approximate Number of Gallons raised in 24 Hours. 

• 

’ 50 Feet High. 

100 Feet High. 

200 Feet High. 

in. 

1 

in 

i 

1 to 4 

200 to 

800 

100 to 

400 

50 to 200 



4 „ 10 

800 „ 

2000 

400 

1000 

200 „ .500 

2 

1 

10 „ 20 

2000 „ 

4000 

1000 „ 

2000 

500 „ 1000 


1 . 

20 „ 25 

4000 „ 

5000 

2000 „ 

2500 

1000 „ 1250 

3 

u 

•25 „ 30 

5000 „ 

6000 

2.500 „ 

3000 

12.50 „ 1500 


n 

30 „ 40 

6000 y 

8000 

3000 „ 

4000 

1500 „ 2000 

4 

2 

40 „ 60 

8000 „ 

12000 

1 

4000 „ 

6000 

2000 „ 3000 


must then l)e cjvrefully meaHured, or The working capacities of Keith’s 
perhaps we should say the distance rams are as follows : — 


Ram. 

Drive Pipe. 

Delivery Pipe. 

Diam. 

Length. 

Size. 

Size. 

in. 

yd. 

in. 

A 

1 toli 

40 b) 60 

i ^ 

B 

lf„2 

f.O „ 75 

1 

C 

2J„3 

60 „ 90 

1 M 2 

D 

3| „ 4 

90 „ 100 

^ „ 2i 

E 

5 „6 

100 „ 130 

2 „ 3 

F 

7 „9 

130 „ 160 

2J „ 3Jor4 


Head of I Height I 
Water to j Water Raised In 
above ' Raise 24 Hours. 
Ram. i Water. | 


I 


10to20' 100 


gal. 

300 to 600 
800 „ 2000 
! 2000 „ 4400 
3000 „ 9000 
5000 „ 13000 
^ 10000 „ 25000 


from the edge of the sill Ixjard (which ■ 
is fixed quite level) and the level of 
the water in the stream above it, and I 
the following will be found to be the ^ 
number of gallons per hour passing i 
over for every foot width of the sill | 
board. (‘Maguire.’) 

Sill Board. 

260 


H 

2 


300 

650 

1900 

3600 

5400 


It is, of course, necessary to ascer- 
tain whether the quantity of water in 
the stream fluotua^ with the seasons. 
4 


The above figures are based on the 
dehvery pipe being from a quarter to 
one mile long, and it can be calculated 
that the rams will raise water thirty 
times higher tliau the fall which works 
them, but only good quality rams are 
capable of doing this. 

There is no doubt that, where pos- 
sible and convenient, the hydraulic 
ram is an excellent means of raising 
water for country residence supply, 
but if a fall of water is available, a 
water wheel can b& recommended as a 
means of driving ^ set of pumps. 
These wheels are of tliree kinds, viz., 
the overshot, the breast, and the 
undershot wheel, the former bmng the 
most efficient. Expressed in figures 
their rela^ve effeotiTeness, with the 
2 I 
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same stream of water working them, is 
68, 56 and 35 respectively ; a hydraulic 
ram standing at 60 in this scale. 
Undershot wheels, however, notwith- 
standing their lower effectiveness, are 
veiy useful with poor falls, for they 
can do work where a ram or a turbine 
are almost useless. They can, in fact, 
work without a visible actual fall, the 
natural flow of a river being utilised. 

As a water wheel revolves compara- 
tively slowly, the pumps can be con- 
nect^ and worked from the shaft or 
axle direct. The only care that is 
necessary is to fix the pump rigid, and 
let the crank shaft of the pump and 
the wheel shaft or axle be perfectly 
true with -each other. 

In fixing a wheel there has to be a 
channel provided to bring the water 
direct to the wheel, tliat its force may 
be expended on the wheel blades to 
best advantage, and this channel is 
known as the “wheel race.” With 
overshot wheels the race delivers 
the water slightly beyond the centre 
line of the wheel, and as a rule 
the flow or impetus of the water 
is not relied on to drive the wheel, 
but reliance is had on the weight of 
the water which is continuously de- 
livered into the blade buckets. Con- 
sequently when the flow of water is 
rapid, the end of the race b so con- 
structed that the impetus will not 
carry the water beyond the wheel, nor 
splash and only partially fiU the 
buckets. A slow delivery is best, and 
a slow-moving wheel is usually more 
powerful than a veiy fast one. It is 
largely governed by the proper filling 
of the blade buckets of the wheel ; and 
a small wheel revolving at about 3 feet 
per second, and a lar^ one, working 
at 6 to 8 feet per second, give the best 
results. 

The breast wheel^ works partially by 
the weight of watw received in its 
budcets or floats, *and partially by im- 
^ pact of the water delivered to it. The 
race ii^ so arrangecf that the flowing 
water exp^d its strength as far 
as possihle in ^ving the wheel, and to 
effect this the blades are so clesigned in 


their relationship with the race that 
the escaping water is only that which 
has been deprived of its force in the 
buckets. . Notwithstanding this, how- 
ever, it is not so eflicient as the over- 
shot wheel, and its revolutions, of 
course, vary more with the flow of the 
stream. 

An undershot wheel, whether driven 
by a small fall or by the running water 
of a stream, relies wholly on the 
impetus of the wate”, and under most 
“ conditions the efficiency of this wheel 
falls considerably below the others. 
Every effort is made to utilise the 
speed movement of the water to the 
utmost (the reverse ot what is wmed 
at with the overshot wheel), and the 
blades of the wheel are designed for 
this purpose. 

With the overshot and breast wheels 
the water which has passed them, and 
which is known as the “ tail race,” is 
made to escape, so tliat it has no pro- 
judicial effect on the speed of the 
wheel, not hindering or retarding its 
movement ; and in effecting this it is 
only necessary to keep the wheel just 
above the level of the tail water. With 
an undershot wheel this is not so easily 
done if there is no pronounced fall m 
water, and therefore the blades are so 
shaped that they rise without the tail 
water holding them or resisting their 
movement as they ascend. 

Another form of water motor is the 
turbine. These can be had to work 
with low falls, but very generally a 
turbine is resorted to when the fall is 
high. The useful height of fall to 
work a waterwheel is,of course, limited, 
and the same can be said of a hydrtuilio 
ram, with which the wear and tear, 
with high falls, is too great to admit 
of its economical use. A turbine is 
an enclosed wheel which is propelkd 
by an enclosed falling column of wteter, 
and it is utilised as an engine for Wfiiig ) 
a set of pumps (or other machinery^ 
In the “ pressure ” turbine there is^jl . 
wheel with suitably curved bladai <1’ 
vanes, and the water is directed ip, 
this through a oasinff which if ilic 
fitted with curved tflalm or guii^ 


Watee Supplies to Isolated Country Houses. 4^3 


that the water is directed ir! the most 
effective manner possible on t)b the 
blades erf the wheel. This turbine can 
be fixed horizontally or vertically as 
may best suit the conditions, and it 
need not be fixed at the extreme foot 
of the fall unless desired. When it is 
fixed a few feet (20 feet is admissible) 
above the lowest point, then a waste 
pipe is carried from it, and the fall of 
the expended • water through tliis 
will aid the turftine in its work by 
suction. ^ 

Another form of turbine is that in 
^lich the falling water, conducted by 
guides, is causerf to act against a series 
of buckets around the edge of the 
wheel. This turbine should be fixed 
at the lowest point of the fall, as a 
waste or suction pipe does not aid its 
work to any useful extent. This latter 
turbine is very eftective with high falls. 
Different makes of turbines vary con- 
siierably in efficiency, and in cases 
where the fall of water has to 
economised every care should lie exer- 
cised to see that the turbine is of good 
make.^ With an abundance of fall 
water a cheap make will answer, though 
it has usually to be of larger size for 
given results. For small supplies, 
under ordinary conditions, the water 
wheel or the ram are better than the 
turbine, though the latter has proljably 
no equal in efficacy when the conditions 
make its use necessary or desirable. 

Another cheap source of power is 
the wind, tliis lieing utilised by wind- 
mills. These have been perfected to 
quite a remarkable extent, and in 
situations where the wind can be uti- 
lised to advantage, and where no better 
or regular source of power is to be 
had, the wind engine is worthy of 
evwy consideration. It is doubtful 
whether it will be used to any extent 
for veiT large supplies, but for man- 
tnons, farms and groups of cottages 
(also for irrigation or draining) the 
madime is very useful. The modern 
circulM’ sail or wheel type of wind 
en^e has many improvements by 
wMch 'it will work with a very light 
Iffessure of wind, yet in times of storm 


the sails are self-regulating, so that 
excessive wind pressure has no serious* 
effect ; or with some makes there is a 
striking gear, by which the blades are 
quite thrown out of use. The sails 
also automatically adjust their position 
to the wind, as its direction varies. 
The sail is, of course, erected on a 
wooden or iron lattice tower of a suit- 
able elevation, and the size is governed 
by the requirements. The spindle or 
shaft can be connected directly w'ith a 
crank to which the piston rod of the 
pump is attached ; but the better plan, 
when a liberal supply of water is 
needed, is to connect to the gearing of 
a double or three-throw pump. In 
this, as with practically all water-rais- 
ing machines, the makers had best be 
looked to to decide and guarantee the 
work that their engines will do. Of 
course, the buyer should also use his 
judgment, but independent tables 
showing what certain sizes of machines 
will do are not always reliable, and 
makers’ tables vary to a considerable 
extent. It has l>een calculated that 
the average wind power available in 
England gives 1 lb. pressure per sq. 
ft. at a speed of 14 miles an hour, for 
a period of 8 hours per day. With 
such a breeze an engine with a 10-ft. 
sail can yield about 1400 to 1600 g^l. 
per day ; while a 12-ft. sail can give 
about one-fifth or even a fourth more. 
It is important to remember that 
wind power is very uncertain, par- 
ticularly in the summer time, when 
probably the demand for water is 
greatest. On this laccount it is neces- 
sary to have the engine (and the 
storage tank) of sufficient size to pr<#> 
vide at least 5 or 6 days’ supply; 
and, in the wTiter’s opinion, a wind 
engine should not be relied on when 
the daily supply of water required is 
as much or more than 16,000 to 20,000 
gal. In such cases, if other cheap 
power is not available, a steam, gas, 
oil or other motor should be u^. 
The wind engine, however, when it 
can be conveniently used, runs with a 
tninimiim of attention, and may be 
safely recommended; and two or more 
2 i2 



484 Water Supplies to Isolated Country Houses. 


en^nes can work to one well if the 
water supply is sufficient. 

Of st^m motors, i.e. engines, for 
pump work there is almost endless 
variety, and it is scarcely witlun the 
province of this book to recommend a 
few to the exclusion of the many that 
are worthy. As the majority of engi- 
neers who make pumping machinery 
also make the engines, there should l)e 
no hesitation in deciding to obtain the 
two from one maker. Many, in fact 
nearly all, make the engines and pumjKs 
combined, so as to form one piece of 
machinery, and the boiler only is sepa- 
rate. In country residence work, 
however, the steam pump does not 
figure to any extent unless steam is 
used for other purposes, and the well 
is within reasonable distance of the 
other works that the steam is needed 
for. Gas, oil and hot-air motors are 
more largely used, as being more easily • 
erected, also more easily managed 
subsequently by an unskilled man. 

For moderate supplies the hot-air 
motor has much in its favour, its 
management being so very simple. 

One well-known type, the “ Rider ” 
engine, is made in different sizes up to 
one horse-power, and is sent out fitted 
complete with lift and force pump, 
and a quarter horse-power size with 
2-in, pump will deliver 500 gal. per 
hour 40 ft. high. There is no skill 
needed in wor^g them, it being only 
necessary to start and stop the engine 
to replenish the fire (with coke fuel), 
and see to the lubricators. It is stat^ 
that the consumption of coke is only 
2J lb. per hour for a quarter horse- 
power engine, which represents a cost 
of about one halfpenny per 1000 gal. 
of water raised 30 ft. high. This 
engine, in the larger sizes, can be fitted 
for deep- well work if required. It is 
considered absolutely necessary to put 
a safety valve on the rising main from 
the pump ; this is particularly the 
when the main has a stop-valve 
' in it. When duplicate or branch 
maihs aro used, it is commonly arranged 
that either one or both be controlled 
or shut off by a stop-valve, and in all 


such cases' the safety valve should be 
fitted,^ to avoid trouble and damage 
should the stop-valves be left closed 
accidentally. The safety valve must be 
fitted somewhere between the pump 
and the stop-cocks. 

Probably the most convenient 
engine for country house work, as re- 
quiring the least possible amount of 
attention, is the gas engine. This is, 
of course, useless if no gas is obtainable, 
as is so often the case in country 
jfiaces. Where, however, gas is to be 
had, it is an engine that only requires 
starting or stopping, with necessary 
cleaning and lubricating’, and little or 
nothing else. The writer has fixed 
these largely in country houses for 
pumping purposes (and in London 
residences for electric light), and it is 
quite exceptional to find any one in 
the engine house. It seems to be the 
• rule to start the engine, then let it 
take care of itself until it needs stoj^ 
ping. As a rule these engines can be 
used for several different works in a 
house of large size, and cases have 
been known of an engine having to 
work a dynamo, run a small bench 
saw, work the laundry machinery and 
do wliat pumping was required ; it did 
not, of course, fulfil all these purposes 
at once, but there is no reason why 
the engine should be idle any part of 
the day when there is work it can do. 

It is not desirable to gear a gas 
engine direct to a pump, a countersh^t 
being generally used. 

Oil engines are coming very largdiy 
into use as motors for pumps, and can 
be had capable of raising 1000 gal. of 
water per hour and upwards, according 
to the size of the plant 
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Waterproofing. 

See also Dampness in Buildings. 

Waterproofing with India- 
rubber. — The crude rubber, which is 
received at rubber works in the con- 
dition in which it is imported, varies 
greatly in appearance and quality, as 
well as in thcftimount of impurities it 
contains, and which must l)e removed 
l)efore it can be manufactured. , 

The preliminary processes, therefore, 
to wluch the crude material is sub- 
jected, liave f#r then" object this cleans- 
ing of the rubber from impurities, and 
at the same time the softening of it, 
and its reduction to a form in which it 
is best fitted for subsequent operations. 
(1) The crude material is introduced 
into a vat or tank with water, and 
boiled by throwing in free steam. This 
•operation, wliich has the efiect of soft- 
ening the crude masses, is sometimes 
carri^ on in the open air, but in other 
works within some part of the build- 
ing. Some makers find it sufticient to 
soak the crude rubl)er in water at a 
temperature not higher than 120° F. 
(49° C.). (2) When thus softened, the 
masses of rubber are passed between 
powerful rollers, the surfaces of which 
are indented with flat, square indenta- 
tions, while a stream or jets of water 
flow upon the rubber from a perforated 
pipe above. By this operation the 
rubber is flattened out into a thin 
sheet, and more or less tom and disin- 
t^rated, while the water works out 
the foreign substances, dirt and im- 
purities, which the boiling has failed 
to remove. This process is repeated 
until the mass is thoroughly cleansed. 
The result is the production of a thin 
crumpled sheet, full of holes, which is 
then hung up in a room warmed by 
hot air to dry. (3) The rubber thus 
washed and cleansed is introduced into 
the “masticator,” which consists of a 
strong cylindrical box, containing a 
stout deeply-fluted iron drum, wluch 
revolves within the box ; steam is in- 
troduced into the interior of the drum, 


and a current of water is kept running 
between the drum and the cylinder: 
It is then introduced dry jnto another 
similar “masticator,” the flutings of 
the drum of which are made sharp and 
chisel-shaped. The rubber is here torn 
to pieces, rendered homogeneous, and 
the last traces of air or water are ex- 
pelled. At some works this process of 
“mastication” is omitted. (4) If it 
be desired to cut up the rubber into 
sheets, etc. , the rubier thus prepared 
is made into blocks of the requisite 
size by compression in a strong screw- 
press iron box, the inside of which is 
smeared with French chalk to prevent 
sticking, and the sides of which are 
hollow and filled with steam. A uni- 
form block is thus obtained, which 
when cold or frozen can be cut into 
thin sheets or smaller blocks as may be 
desired. (6) When it is intended to 
prepare the rubber for the process of 
“ vulcanisation,” the vulcanising mate- 
rial is either kneaded with the rubber 
in a masticator, or by means of mixing 
rollers heated by steam and kept for 
the purpose. In either instance it is 
in the form of the rough sheets above 
described that therubber is introduced, 
and there is a shallow tray beneath to 
catch such of the material as falls 
through. The vulcanising material 
consists generally of ^ely-sifted 
flowers of sulphur, together with 
colouring powders such as lampblafck, 
zinc oxide, or antimony sulphide 
(orange). These are thoroughly hicor- 
porated with the rubber in the appa- 
ratus used. (6) After this stage of 
preparation, the Goodyear or American 
process, and the Hancock or English 
process diverge, (a) By the Goodyear 
process the rubber thus prepared is 
rolled out into sheets by causing it 
to pass between strong iron rollers 
heated by steam, in what is known 
as the “calendering” machine, and 
these sheets may be subs^uently 
manipulated for* the construction from 
them of various kinds of articles. As 
the sheet passes from between the 
rollers it is received upon linen, and 
the linen and indiarubber sheets are 
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rolled up together upon a roller. (6) 
In the Hancock process a solvent is 
used to soften the rubber and convert 
it into a thick paste. The solution is 
sometimes effected in a close cylinder, 
where the rubber and solvent are, by 
an arrangement provided within the 
cylinder, wrought up together, and 
from which the pasty product is drawn j 
off by means of a Up below. The ' 
paste is received into iron pots provided | 
with covers, in which pots it can be 
reduced, by hand mixing with more 
solvent, to any condition of liquidity 
that may be desired. In other works 
the solution is effected in another way. 
The rubber, calendered out into a thin 
sheet, is passed between a pair of hot I 
rollers into an open vessel containing j 
solvent, by the side of which vessel a 
workman sits and presses down the 
sheet, softened by the heat, into the 
solvent. When rubber enough has 
thus been put in the vessel is covered 
up and set aside for the completion of 
the solvent action. In other works 
the rubber is simply mixed with the 
solvent with a spade. In order to 
make the thick paste into a sheet, 
what is termed a ‘ ‘ spreading machine” 
is used. This consists of a table 
formed of a hollow steam-chest, along, 
but not touching, which a sheet of 
linen previously sized is rolled off froma 
roller at the spreading end to a roller at 
the farther end, and from this to other 
rollers underneath. By an arrange- 
ment devised for the purpose the sof- 
tened rubber or thick paste is spread 
in a thin layer on this linen as it passes 
to the top of the steam-chest ; and the 
rubber thus laid on is carried upon the 
linen as if it had been painted on it. 
As the sheet passes slowly along the 
top of the steam -chest the heat causes 
the solvent to volatilise. This opera- 
tion is repeated until the required 
thickness of rubber is obtained. It is 
conducted in a room where many 
similar machines are in use at the 
same time. The rubber is then 
stripped from the linen by rolling each 
off in diffef ent directions upon different 
rollers, with the aid of water. As the 


rubber is r61led off, it is evenly coated 
with a Vash of French chalk, to prevent 
sticking, and the roll being « bound 
round with a wet cloth bandage, is 
ready for the “ vulcaniser.” 

Reference may now be 
made to the treatment of fabrics which 
are to be “ waterproofed ” by spreading. 
This consists in passing the fabric 
through a pair of calenders, with the 
object of pressing down knots, and 
giving a smooth and even suHace ; 
Mtqr this, the fabric is passed over a 
steam-chest, to expel moisture, when 
it is ready to receive tlie first coat. 
This is usually a difft}.*ent mixture 
from the bulk of the proofing, and is 
called a “ sticking-coat,” its object 
being to secure adhesion between the 
fabric and rubber ; it is generally in- 
corporated with colouring pigments, 
white or black, so as not to allow the 
general mixture to show through the 
cloth, or alter its appearance. A little 
zinc oxide, or whiting, is used for 
white or light-coloured goods ; Frank* 
fort and other blacks are used for dark 
goods. The coats, as applied, are 
dried by passing over a st^m-chest, 
when the fabric is again brought to 
the front of the machine for another 
coat, and so on. Some descriptions of 
goods have a finishing coat of better 
quality or mixture, in some cases con- 
taining no sulphur, nor any pigment 
whatever. The number of coats varies 
from three to seven, according to the 
class of goods and the weight of material 
which is to be put on. 

Machines are now employed whida 
work on the continuous principle ; but 
as tliey require more space, so aa to 
allow each coat to dry in time to re* 
ceive another, it is not certain that 
there is much gain in using them. 

Double textures are obtained Iqr 
passing the proofed fabrics through a 
pair of rollers (the doubling-maomne) ; 
whilst the surfaces are still sticky <*r,> 
adhesive; these are vulcanised, if'W"^, 
quired, by means of sulphur inooi^* 
ated with the compounds, and ■Mif® 
heat. The doubling-rollers a# 
solid cast iron, with turned 
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6 ft. long. One is fixed, ^hile the and water-tight as possible. Since 
other can be moved by a lever, 'so as wool and silk are destroyed by the, 
to admH. the fabrics to be doubled, heat necessary to cure rubber in this 
As they revolve in opposite directions way, the cold process is' the only 
they draw the fabric through, and, eligible method of vulcanising. Very 
when tightened up, press the two frequently, however, cotton goods are 
coated surfaces together. treated in the same manner. 

The spreading and doubling can l)e In packing the goods for the steam- 
done at one operation, the roll of fabric heater care must be taken that the 
passing under a knife, in the front of I fabrics are wound without creases, and 
which is jdaced* whole width, are not stretched, as the fibres of the 

a roll of dough or cement ; two beams ' cloth, after curing, will retain their 
of yarn, warped in the usual manner, distorted appearance. Double textures 
fjassing through a reed, anti on to are simply wound up ; but ‘ ‘ surface ” 
the atlhesive surface. The pressure goods are first carefully brushed over 
regulated by t# screw on the rollers with very fine French clialk, no excess 
firmly unites the wliole into one or loose clialk being allowed to remain, 
fabric. Instead of the yarns a w’oveii They are then wound up ; but, as this 
fabric or fleece may lie employed, necessitates the rubber surface coming 
The roller^ are liollow, so as to admit into contact with the cotton surface, 
steam. whereby it is liable to be marked, it is 

Drying Spread Fahria . — After the more usual to run two pieces together, 
goods leave the spreading-machines with the rubber surfaces against each 
.they are hung up for a few days in a other. This not only prevents mark- 
warm room, so as to expel the little uig, but secures an even surface ; 
naphtha which is retained by the rul>- blisters, from dampness in the cotton, 
ber, and which it gives up very slowly, are also prevented. 

This drying helps to remove the smell (6) Parkes’ process of vulcanising 
of the ntfihtha, and prevents blistering with sulphur chloride is extensively 
in curing. The quality of the solvent useil for surface curing, such as single 
used, and the temperature of the dry- textures for garments, and sundry 
ing-room, determine how long this small articles manufactured from 
“ hanging up ’’must last before curing, masticated sheet rubber, as tobacco- 
As rubber licks up, as it were, the pouches, tubing, rings, etc. The 
vapours and odours which float about chloride is mixed with 30-40 times its 
in the drying-room, it would be infi- bulk of carbon bisulpliide for ordinaiy 
nitely better to have a series of drying- fabrics; but for solid rubber goods 
rooms, so as not to hang up the more much more dilute solutions must be 
recently spread goods with those which used, and a longer immersion allowed, 
have more or less completely lost their than with stronger solutions, since the 
smell of naphtha. Goods which are surfaces would be overcured, and 
cured by the cold process are hung up crack. Sulphur chloride in vapour is 
in the same way ; but as they liave preferable in many cases to the mix- 
always a more disagreeable smell, they ture in carbon bisulphide. The articles 
should have a separate hanging-room are then suspend^ in a lead-lined 
to dry in. chamber, well varnished with shellac, 

Cwring and Vvlcanuivg Falmcs . — andheatedbysteam-pipes; thecldoride 
(a) When spread cotton goods have is gently evaporated, either by placing 
become tolerably firm, or quite dry, it in an open dish on the steam-pipes, 
they are wound upon hollow sheet-iron or by using a small retort, the end of 
cylinders for curing in open steam, or the tubulure of which passes into the 
in a steam-jacket^ heater. As the cliamber. The chloride is evaporated 
condfensed steam spoils these goods, by a small gas-burner. Chlorine, 
are carefully wrapped up as* air- limine, l)ypo<^orous add, and sev^ 
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otdfer vapours can be used in the same 
way. Although Parkes uses these 
vapours with solvents of rubber, they 
act equally well, and in many cases 
more certainly, without them. 

(c) Several improvements for curing 
double textures liave Ijeeii recently 
introduced, the most important of 
which is the Silvertown process. This 
consists in passing the rubber surface 
of each piece to be united over a roller, 
revolving in a mixture of sulphur 
chloride and carlx)n bisulpWde ; the 
acid mixture does not come into con- 
tact with the fabrics, so that no injuiy 
can happen either to the colour or the 
fibres, and the most delicate tissues 
can be treated. Another process, by 
Andersonand Abbott, effects thecuring 
by suspending the fabrics or completed 
garments in a chamber, which is after- 
wards charged with the vapours of 
sulphur chloride ; it is questionable 
how far tins method can be depended 
upon without injurj' to the fabrics. 
If the colours are dischargetl by the 

' sulphur chloride, they are brought back 
by placing a dish of liquid ammonia in 
the drying-room. 

Single textures are cured by passing 
the coated surface over a roller, revolv- 
ing in the curing-mixture, as above. 
The jfabrics are run on to a large drum, 
and the cured surface, wliich is still 
sticky, is kept from coming into con- 
tact with the cloth surface by making 
the drum pick up a roller whenever its 
arms pass the frame which sujjports 
them, so that between each two layers 
of material there is a space of about 
2 in. ; as soon as the bisulphide lias 
nearly all evaporated, the fabrics are 
run on to a roller for lianging up. 

(d) Under ordinary conditions 
rubber for vulcanising is usually mixed 
with sulphur and heated to a high 
temperature, when ehemical combina- 
tion takes place between the sulphur 
and the rubber, producing a much 
more valuable compound for ordinary 
purposes than nnvulcanised rubber; 
the former reuuuning soft at very low 
temperatures and firm at high tempeia- 
Jtures, whilst the latter becomes hard 


and quite 'plastic respectively at those 
temp^tures. 

In making cloth for waterproof gar- 
ments anSther method is employed for 
vulcanising the rubber, viz., by wet- 
ting its surface with a mixture of 
somewhere about 5-10 parts chloride 
of sulphur dissolved in 100 parts bisul- 
phide of carbon, and then lieating the 
fabric gently to evaporate away the 
I excess of these subst^ndtes ; the rubber- 
i covered cloth cannot be heated to a 
I liigh temperature like the rubber alone, 

I Iwcause the heat would be liable to 
I injure the cotton, silk, or wool of 
‘ the fabric, or destroy^ or injure the 
: colours. 

‘ The bisulphide of carlwu softens and 
I penetrates the fine layer of rubber, 

■ carrying with it the chloride of sul- 
I phur dissolved in it, and it is generally 
, supposed tliat the chloride of sulphur 
! breaks up, the sulphur combining with 
! the rubber producing vulcanisation, 
and the chlorine combining with the 
hydrogen producing hydrochloric acid, 
which is lil)erated. This reaction is 
clearly not the correct one, and it is 
I probable that the reverse is more in 
I accordance with the facts, viz., that 
' the chlorine of the sulphur chloride 
combines with the rubber producing 
' vulcanisation, leaving the sulphur in 
the free state, or only partially in com- 
bination with the rubber, b^use in 
rubljer vulcanised by the cold process 
1 have found free sulphur to 1^ pre- 
sent. 

Fn>m a piece of rubl)er-covered cloth 
I seyjarated the rubljer, and submitted 
' it to analysis by mixing it thorougldy 
j in small pieces with pure sodium car- 
j lionate and igniting, then dissolvii^ 
the whole in water and adding to it 
j peroxideof hydrogen previously treated 
j with excess Ijarium chloride (to sepa- 
rate sulphuric acid or sulphates). The 
peroxide ensures the conversion of the 
lower oxides of sulphur into Bul{dittril^ 
acid, whilst the excess of banum 
chlorides precipitates the sulpkurio 
acid in the solution, which is then 
weighed as barium sulphate. 

Anotlier portion of the tnado-ttp 
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Bolution was neutralised* and the 
chlorine present titrated. The%nibber 
previous to ignition, as al)Ove described, 
had been well boiled in water and 
dried to separate any hydrochloric 
acid which might be present, but only 
a faint trace of clilorine compound 
could be thus separated from the 
rubber, 

The total sulphur present in the 
rubber amouhL^ to 2 '60, and the 
total chlorine to 6-31 per cent. 

The yellow-coloured sulphur proto- 
chloride is best adapted for vulcaniang, 
because it does not act too strongly 
ufHm the rui)l)er, whilst the dark- 
coloured chloride of sulphur, contain- 
ing as it does a large quantity of the 
liighcr chlorides of sulphur, is liable to 
render the rubber quite hard by vul- 
canising it too much. The theory 
generaUy adopted to explain this is 
tliat these liigher chlorides break up 
easily, liberating their sulphur, which 
time combines in greater quantity with 
the rubber ; but my experiments and 
analyses prove tliat it is cliiefly the 
chlorine and not the sulphur of the 
chloride of sulphur which produces the 
vulcanisation. (W. Thomson). 

<Sio^rcnt«.— Benzine is an excellent 
solvent for caoutchouc and gutta- 
percha. Caoutchouc or rubber may 
also be dissolved in ether, carbon sul- 
phide, naphtha, spirit of turpentine, 
and chloroform. 

Sdutio7is.—(a) A mixture of 6 parts j 
absolute alcohol with 100 of carbon 
sulphide ; the latter is the real solvent, 
the alcohol has an indirect action. The 
quantity of solvent required depends 
ou the consistency of solution required ; 
if moderate heat is used, and the mix- 
ture is shaken, the whole dissolves, but 
a better solution is obtained for adhe- 
sive properties by using a large 
quantity of solvent, not shaking, but 
^wing off the clear glazy Uquid. 
(&) For a small quantity place 1 fl. dr. 
siUphuric acid and the same quantity 
of water into a pliial bottle, and well 
shake together. Great heat is evolved. 
Allow to stand till cool ; then add 2 
fl. os. spirits of turpentine and shake 


well. Great heat will again be evolved, 
and the colour changed to deep cinna- 
mon. Allow to stand for 24 hours, after 
which a strong dark sedimfent will have 
settled at the bottom of the bottle. 
Pour off the clear liquor into another 
bottle, and add IJ dr. common rubber 
cut up into fine shreds, and then place 
it uncorked over a very gentle heat, 
and allow to Ixiil slowly for five hours. 
At the end of that time the rubber 
should be perfectly dissolved. It can 
be concentrated by longer boiling, or 
thinned by the addition of more tur- 
pentine. 

Joining and Piecing Pabrics. 

(tt) Make a long bevel on the ends to 
1)6 joined with a sharp rough-edged 
I knife and water, scrape the bevels rough 
with the edge of the knife, and, when 
quite dry, give each a coat of rubber 
solution. When the first coat is dry, 
give it another, and when that is dry, 
put the two ends together. 

(h) Cured or uncured fabrics are 
joined for garment-making and other 
articles by cementing together with 
thin solution. Several coatings are 
applied, each being allowed to get 
nearly dry before the next is rubbed 
on ; the two adhesive surfaces are then 
well rolled down by manual labour, 
and the excess of cement which oozes 
out is rubbed off, when nearly dry, by 
a piece of masticated block rubber. 
Double textures are stripped, so as to 
cement the rubber surfaces, by apply- 
I ing first a little solvent, which renders 
[ the stripping-off easier. In spreading 
it is necessary to coat one of the 
fabrics with less pressure, so as not tp 
drive the rubber into the meshes of 
the cloth. Such coatings are specially 
designated “ stripping-coats.” With- 
out such arrangement double textures 
could not be made with watertight 
seams. , 

Adulteration and Rubber 
Bubstitute.— A rubber substitute, 
much used at present, is produced by 
acting on vegetable oUs, such as rape, 

I linseed, etc., with a mixture of chlor- 
I ide of lulphur and bisulphide of carbon ; 
the oil becomes converted into a solid 
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subfitonce resembling rubber to some 
extent, but being much more brittle. 
This body is now used in lai^e quan- 
tity for mixing with rubber for the 
purpose of cheapening its production. 
On analysis of some samples of this 
material I have invariably found that 
it contained a much greater propor- 
tion of chlorine than of sulphur, and 
this process therefore is a vulcanisation 
by chlorine rather tlian by sulphur. 

Recently I analysed three samples 
of rubber substitute, the one termed 
“speciar’ another “spongy*’ rubber 
substitute, the third being similw to 
the iirst in appearance. The first con- 
tained of sulphur 3*4 and of chlorine 
7*6 per cent. ; the second contained of 
sulphur 4 • 56 and of chlorine 8 * 22, and 
the third 2*67 of sulphur and 7*90 of 
chlorine per cent. 

These rubber substitutes contain 
considerable quantities of oily matters 
soluble in ether, which I have also 
found to be chlorine and sulphur com- 
pounds of the oils. The first yielded 
10 per oent., the second 14*3, and 
the third 11*5 percent, of these thick 
oily matters soluble in ether. This 
oily substance from the first sample 
contained 2*6 percent, of sulphur and 
6*1 per cent, of chlorine, whilst that 
from the second contained 2*97 and 
6 ' 87 per cent, of sulphur and chlorine 
respectively. 

^me rubber manufacturers regard 
this oily matter as injurious to the 
rubber, and reject any substitute which 
contains any considerable proportion 
of it. I have found, however, by ex- 
periment that this oily compound 
instead of acting injuriously on rubber, 
actually acts as a pt*eservative of it ; 
some rubbo* threads were smeared 
with tibis oily extract, some with ordi- 
nary (unvulcanised) rape oil, and some 
left untreated ; these were put into an 
incubator at 160° F. for a few days, 
wh«Q was found that the oil-treated 
nib^ was quite soft and rotten, 
whilst the other two had remained 
sound; after a few days more the 
(sri^nal rubber threads had become 
quiterotten, whilst the threads smeared 


with the oily part of the vulcanised oil 
remaiited quite sound. 

The first and second sampletfof rub* 
l)er subsfitute were examined for 
soluble chlorides or hydrochloric acid 
by boiling in water; the first gave 
0*18 per cent, of chlorine soluble in 
water, and the second 0*06 pw cent. 

Efifects of Copper on Bubber* 
coated Fabrics. —It has been known 
for some time that cpp^r salts exert 
a most injurious influence on rubber. 
Copper salts are sometimes used in 
dyeing cloth, which are afterwords 
emj)l«>yed for wjiterproofing with 
rublwr, and it seems quite astonishing 
what a small ([uantity of copper is 
reijuired to harden Jintl destroy the 
rubber, and the destructive effect of 
copper is further enhanced if the cloth 
contains oily matter in wliich the copper 
has dissolv^. 

As an example, a piece of cloth, 
alleged to have damaged the thin coat- 
ing of rubber on it, was found to con- 
tain coj)per, and, with a view of demon- 
strating this point, I took one piece in 
its original condition. To the end of 
this 1 posted a similar piece of cloth 
from which the oily and greasy mattere 
had been removed by ether, and to the ’ 
end of this again I past^ another 
piece of the same cloth, from which 
I had removed lx)th oily and greasy 
matters and copper ; these three pieces, 
joined end to end into one, were then 
coated in the usual way with rubber, 
and then hung in an incubator at 
160° ¥. In the course of a few days 
the rubber on the original cloth had 
become soft, and it then liardened and 
became rotten and useless ; the seoemd 
piece, from wliich the greasy mattw 
had l>een removed, then became amte 
hard and rotten, whilst the part frwtt 
which both greasy matters and copper 
liad been removed has remained ifl l 
perfectly elai^tic and good condition. 

Prof. Dewar observed accidentally 
that metallic copper when heated 
the ternp^ture of boiling water, b 
contact with the rubber exerted i 
destructive effect upon it. Widl i 
view of finding whether thia 
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to the copper per «c, or to ifc power of monium salts can be obtained. A 
conducting Jieat more rapidly \o the closely related compound, but possess-, 
rubber,* 1 laid a sheet of rubber on a ing somewhat different properties, is 
plate of glass, and on it pHaced four cupro-ammonium hydroxide, prepa^ 
clean discs, one of copper, one of pla- by dissolving cupric hydrate in am- 
tinum, one of zinc, and one of silver, monia solution, or by agitating together 
After a few days in an incubator at | metallic copper and ammonia solution 
150° F, the rubber under the copper in presence of air, when the copper 
had become quite hanl, tliat under the ' oxidisesanddissolvesintheammonu^ 
platinum Iiad become sliglitly affected liquor, forming a deep blue liquid, 
and hardened ht ^ffei-ent parts, whilst I sometimes termed “copperised am- 
the rubber under the silver and under monia.” 

the zinc remained quite sound g.nd Most of these compounds are very 
elastic. This would infer that the pure unstable, breaking up under the in- 
mebdlic copper had exerted a great fluence of heat and water alone, or 
oxidising effect on the rubber, the ' conjointly ; thus cupro-tetrammonium 
platinum had exerted a slight effect, sulpliate treated with a large bulk of 
wliilst the zinc and silver, resj)ectively, j cold water is partly decomposed, form- 
had had no injurious influence on it. ing a basic insoluble copper sulphate, 
A still more curious result was this, \ together with free ammonia and am- 
that the rubber thus hardened by the monium sulpliate ; cuproi-ammonium 
copper contained no appreciable trace hydroxide solution is decomposed bj 
of copper ; the copper, therefore, pre- simple addition of alcohol to its am- 
aumably sets up the oxidising action moniacal solution, a blue substance 
in the rubber vdthout its permeating essentially consisting of hydrated cop- 
it. (W. Thomson). per oxide being precipitated ; the same 

Ouprammonium and its result ensues on boiling, save thA 
Allies. ‘^Willesden” Products, anhydrous black copper oxide is then 
The preparation of these salts and formed, ammonia being driven off. In 
their application to the waterproofing presence of a large excess of ammonia 
of paper and textiles have been made the instability is less marked in all 
the subject of much study by Dr. Alder cases ; the strongly ammoniacal fluids 
Wright, to whom the following remarks formed by dissolving copper salts or 
are mainly due. The term “ cupram- copper hydroxide in a considerable 
monium compound ” is usually under- excess of ammonia water are the 
stood by chemists as indicating a “ cuprammonium solutions " referred 
member of the class of substances ob- to. 

• tainable by the combination of ammonia It has long been known that these 

with certain copper compounds, so as solutions possess the power of appa- 
to give rise to a “ metallo-ammonium ” rently dissolving cellulose and various 
derivative containing copper. Salts allied substances ; thus paper, cotton- 
of copper, e.g., copper sulpliate, usually wool, and similar matenals, when di- 
combine with four proportions of am- gest^ with these fluids, disappear, 
monia ; thus cupro-tetrammonium and are apparently truly dissolved. It 
sulphate is obtainable in crystals by is held, however, by some chemists that 
simply pouring a concentrated solution these are not cases of true solution, 
of copper sulphate into a solution of but that the substances are simply gda- 
ammonia in such proportions as to tinised and disseminated through the 
obtam a clear deep blue liquid, and fluid in a transparent form, as starch 
then precipitating the crystallised salt is in water. On the other hand, on 
adding a considerable (quantity of neutralising the fluid by an acid, or, 
highly concentrated ammonia solution, better still, on adding potassium c^- 
or by shaking with alcohol ; in a similar nide selution until the blue tint ia dis- 
ibshion numerous other cuprotetram- charged, the cellulose reappears aa a 
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gelatinous precipitate ; this result 
would suggest tW the reappearance 
of the cellulose is brought about by the 
destruction of the solvent in which it 
was truly dissolved, viz., the cupram- 
monium compound, by conversion into 
ammonia and cupro-cyanide (or into 
ammonic and cupric salts, if an acid be 
used). On evaporation to dryness of 
a cuprammonium solution in which 


ttes. 


used, the dried treated fabi^.. 


tain ammonium sulphate, A ^’cs will con- 
times copper sulphate, soluble iLi,ud some- 
rendering'' the material porous jyater, 
posed to the action of water in sul f ex- 
ent quantity to dissolve out the solu at^ci- 
matters, and causing more or igavble 
tendency to unsightly efflorescencdless 
under other conditions. Further, dur- ? 
ing the drying of materials treated!* i 
cellulose has been dissolved, a more or ^ with cuprammonium hydroxide solu-n 


less gummy mass is formed, containing i tion all the ammonia present is vola-^i 


the cellulose intermixed with copper 
oxide, and with ammonia and copper 
salts if a cuprammonium salt were used, 
but containing copper oxide and a green 
copper derivative or compound of cellu- 
lose if cuprammonium hydroxide were 
employed. When the cellulose is in 


iilised, and may be recovered by apf. 
propriate means; whereas, with cvin | 
prammonium sulphate solution a ()<ftids : 
siderable fraction of tlT.e ammoniwith 
fixed in the fabric as sulphate, au*slung 
lost. >er is 

A peculiar property of cupran/ the 


excess, e.g., when the solution is eva- ; nium8olution8,and one most impoisct of 
porated on, the surface of paper or from the manufacturing point of cloth 
calico, just dipped in the solution, , is that whereas iron is, as is well ki ioppw 
black copper oxide is often not formed | attacked and dissulv^ by solutio 
at all; but a green vamish-like mass ; ordinary copper salts (e.g., th( cloth, 
of cellulose conjoined with copper | phate “ blue vitriol ”), an equi\» coat- 
oxide, or of the copper salt of some ; quantity of copper being precipio con- 
feeble acid derived from and closely : during tlie operation, no such actemon- 
akin to cellulose, coats the surface of , observable with cuprammoniuoiece 
each filamentof the fabric used, welding ' drate solutions ; so that cast-fend 
and cementing them together. Ttiis . wrought-iron tanks and baths fr cl< 
cement-like “cupro-cellulose,’* as it reception of the liquor may be»ftt1 


may be termed, being insoluble in 
water, communicates water-resisting 
properties to the material so treated ; 
moreover, the presence of copper 
renders the dipped and dried sulwtance 
less prone than before to the attacks 
of insects and mould, so tliat animal 
and vegetable life of a parasitic nature 
and fungoid growths are rarely, if ever, 
to be observed in the substances, even 
when kept under conditions where 
boring worms, ants, rot, and mould 
would be likely to attack them. 


with impunity, as may steel jtoth 
and macUnery of all kinds wbeiiotl 
ployetl in contact with the liqi whi 
with fabrics moistened therewith 
the other hand, copper and bra8P^*i« 
be studiously avoided in the col r tl 
tion of such appliances, otherwifibb< 
rosion and injury are speedily b tor I 
; about. This peculiarity, as regai^ [ 

. non-action of iron and steel, is 
! more remarkable in that it is not • 
served with zinc ; tliis latter me”) 

I precipitating copper (and being iti 
dissolved) with about equal &ciUty| 




To produce the best results in this 
direction solution of cuprammonium * whether the copper be in the fonn 
hydroxide is, for msfiy reasons, pre- - an ordinary copper salt or in that 
ferable to solutions containing cupram- 
monium salts ; not only is the action 
on cellulose more wiergetic for a given 
ai’riount of copper and ammonia in solu- 
twn, but various other advantages are 
gained. For example, if ammoniacal | advantage ; the zinc compound 
solution of cuprammonium sulphate be i not of itself sufficiently p^tise 


a cuprammonium solution. 

I For certain purposes a bath o 
; ing a mixture of cuprammonium t 
. the analogous zinc-ammonium 
I droxide solutions may be used i 
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lose to give good results, d)ut when 
used in conjunction with cuprimmo- 
nium lyrdr(feide, pectisihg is brought 
about by the copper solution, whilst 
certain advantages are gained by the 
simultaneous presence of zinco-cellulose 
and cupro-cellulose in the finislie<l 
goods. The manufacture of cupram- 
monium and zinc-aninionium solutions 
is effected by tlie simultaneous action 
of air and arnvionia water on metallic 
copper (or brass, K a mixture of cupro- 
and zinco-ammonium hydroxides is 
required), due attention Ixjing paid to 
the recovery of the large amount of 
ammonia nec^sarily carried away by 
the “ ajHjnt ” air during the operation. 
The manufacture of Mtrics, notably 
paper and canvas, treated with cupram- 
monium solutions so as to waterproof 
them and render them rot-proof, and 
practically free fnmi the attacks of 
insects and mould, is practised on 
the large scale at Willesden by the 
Patent Waterproof Paper and Canvas 
Co. 

The process by wliich these fabrics 
ai^ manufactured may be described os 
essentially consisting of the prepara- 
tion of a concentrated solution of 
cuprammonium hydroxide, and the 
passing of the goods to be treated 
through a bath of this material at just 
such a rate as will permit of the poe- 
tising and gelatinising of the exterior 
of the fibres composing the paper or 
canvas, etc., without wholly disinte- 
grating the mass ; so that the material 
on emerging from the bath retmns 
coherence sufficient to enable it to be 
passed over and under the usual drums, 
etc., of a.paper mill, and so to be dried 
in the ordinary way. This drying con- 
verts the film of pectised cellulose coat- 
ing each filament and fibre into an 
insoluble solid varnish which cements 
the whole together. In order to build 
up thick cai^ two or more reels of 
paper are employed, passed simultane- 
ously through the bath, and then 
pressed together and dried as a whole, 
two thicknesses thus treated forming 
2-ply card. The best kinds of thick 
cards are made by passing two rolls of 


2-ply simultaneously through the bath 
a second time, and pressing them 
together and drying, thus giving rise 
to 4-ply card, the thickness mostly 
adopt^ for roofing. By repeating 
this process with two batches of 4-ply, 
8-ply is obtained ; and similarly to any 
required degree of thickness necessary 
for special purposes. 

A noteworthy jx)int in connection 
with these processes is that, when cer- 
tain precautions are taken, the copper 
present in the ammoniacal fluid im- 
bibed by the material passed through 
the bath is wholly converted during 
drying into a compound with the pec- 
tised cellulose of an agreeable green 
tint, and is not de{)osited as black 
copj)er oxide, as it would be on 
evaporation of the solution without 
cellulose in a porcelain dish, etc. It 
is largely the presence of copper in 
this form that renders Willesden 
fabrics so free from growths of mould, 
mildew, rot, and fungoid vegetation 
generally, and from the attacks of 
insects. The compound is so stable 
as to be wholly unaffected by water, 
when once dry. Of course, mineral 
acids dissolve out copper to some ex- 
tent, but this is not the case vrith 
ordinary water, apparently not even 
with London rain. 

Instead of cuprammonium hydroxide 
alone, in certain cases a mixture of 
cuprammonium and zincammouium 
hydroxides may be used. The pectised 
cellulose then contains both zinc and 
copper, indicating apparently that a 
zinc cellulose compound has also been 
formed. Zincammonium hydroxide 
alone, however, does not pectise paper 
sufficiently to give good results. In 
order to pectise paper, etc. ,thoroughly, 
when the maters are passed through 
the baths at a convenient manuf^- 
turing speed, it is essential to use a 
liquid containing 100-150 lb. of am- 
monia per 100 gal,* (about as much 
ammonia as is present in solution of 
ammonia, sp. gri *940 to '960). Such 
a fluid, when nearly saturated with 


* l tb. per 100 galss 1 grm. per litre. 
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copper present as pure ouprammonium 
hydroxide, will contain 20-25 lb. copper 
(reckoned as metal) per 100 gal. Con- 
siderably larger amounts of copper, 
however, may be taken into solution 
in the form of cuprammonium salts, 
orwhen certain forms of organic matter 
are also present in the liquor. Accord- 
ing to the textbooks ammoniacal solu- 
tions of cuprammonium salts dissolve 
cellulose, but such fluids are found to 
be unsuitable for the manufacture of 
Willesden goods, fora variety of rea«)nB. 
In the first place, for a given quantity 
of copper in solution an ammoniacal 
solution of cuprammonium hydroxide 
appears to possess a considerably higher 
pectising power than a similar solution 
of a cupFammonium salt ; next, when 
a cuprammonium salt, e.g., the sul- | 
phate, is used, there is not only a ten- 
dency to form a little copper sul]:^ate, 
which can be washed out of the finished 
fabric by water (ihus rendering the 
material unsuitable for many purposes, 
e.g., cattle drinking-trough, portable 
sheep-pens, etc.), but, further, much 
ammonium sulphate is formed in the 
body of the fahic, thus giving rise to 
a double disadvantage : first, because 
the ammonia thus fixed is wholly lost, 
whereas the ammonia in cuprammo- 
nium hydroxide is wholly volatilised 
during the drying, and can be recovwed 
and used over again ; secondly, because 
when the fabric is wetted, th ammo- 
nium sulphate is washed out, tiius 
partially opening the texture, and 
rendering the mass more porous and 
less impervious to moisture ; beside 
which, the ammonium sulphate some- 
times effloresces as an unsightly saline 
film. For these and other reasons 
cuprammonium hydroxide, and not a 
cuprammonium salt, i§ employed in 
the manufacture of the so-called 
“ Willesden " goods. 

These ^oods are divisible into two 
classes, V12. (a) round or made-up, 
such as rope, cordage, netting, etc., 
aiJd (h) rolM or flatl • 

Ooo^ of the first class (a) are pre- 
pared Iw simply fflpping the made-up 
materials to be treated into a bath of 


cuprammonium solution, using certain 
precautions as to the mode of immer- 
sion and its duration, and the strength 
of the solution. On subsequently 
drying the dipped fabrics, they are 
obtained coated and impregnated with 
cupro-cellulose, which thus not merely 
forms a kmd of vamish-like surface 
dressing, but further adds strength to 
the fibres by more or less intimately 
cementing them together. The free- 
dom from liability te- mildew and rot 
j «f these products is remarkable, whilst 
they possess many advanteges aa com- 
pared with similar goods protected by 
tarring, or dipping in the bark vat, or 
treatment with other* preservative 
compositions. 

Goods of the second class (6) consti- 
tute a much more important group. 
These fala-ics are essentially of thiw 
kinds, viz., canvas, scrim, and paper. 
The former two of ^ese classes possess 
many features in common with the 
roumi ormaile-up goods just described, 
being prepared in much the same way, 
saving that the falsie to be treated is 
usually unwound from one roller and 
rewound upon another, after passing 
successively through the bath and a 
series of drying rolls somewhat aba- 
logous to those of a paper mill. Like 
Willesden cordage and netting, they 
exliibit remiu'kable freedom from 
moulding and mildewing influences. 

Willesden paper manufacture maybe 
subdivided into two departments, viz., 
(1) unwelded, (2) weld^ (rolled) goodi^ 
the first class being a single web or ply 
of paper of indefinite length passed 
through the bath, and rolled ana dried 
in much the same way as canvas and 
scrim ; the second cImb consisting of 
more than one ply or layer of primtiy 
material, incorporated into one soUA 
insoluble sheet or homogeneous 
of indefinite continuous length. 

1. Unwelded or “ 1-ply ’^pa^ 
hibits much the same gem^ reastMOt ^ 
to mildewing and mouldixg influeiKMl^ 
as Willesden canvas and oo^liige. 
cording to the nature of fnpw 
originally treated, different bii^ of 
1-ply result. Ceiiain coarse 
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furnish a waterproof matgrial excel- 
lently adapted for lining packages and 
wrapping parcels liable to be exposed i 
to dam*^ during transit, an^ of special 
value as a first coat of paper to ap- 
plied to damp walls. Finer qualities 
furnish envelopes and stationery pos- 
sessing the valuable property of not 
being affected by water. Letters 
written with such stationery would be 
as legible as ever (provid^ the ink 
were not wasKoii away or bleached), 
even if the mail-bags containing them 
were sunk in the ocean or washed over- 
board, and not recovered until after 
long periods of immersion. In con- 
nection wdth^this may be noticed a 
mode of fastening envelopes, affording 
security against opening and tamper- 
ing with contents, impossible with 
ordinary gummed envelopes, or with 
those secured by sealing-wax, either of 
which, as is w'ell known, can be readily 
opened by a skilled person, and re- 
closed without noticeable alteration (an 
impression of the seal Ijeing of course 
taken in the case of sealed letters, and 
subsequently used to re-seal them). 
Tliill method consists in using as fasten- 
ing material a concentrated cupram- 
monium solution ; the edges of the 
envelope are moistened therewith, 
whereby the paper is gelatinised ; the 
envelope is then clc^ and ironed 
with a warm flat-iron, when the gela- 
tinised cellulose is converted into an 
insoluble cupro-cellulose, and the 
cover is fastened down so securely that 
the only possible mode of opening 
is to tear the paper. No amount of 
steaming or treatment with water will 
undo the cement, as it would with a 
g^med envelope. Another applica- 
tion of this same principle consists in 
the use of a wafer of * ‘ Willesdenised " 
paper, moistened with cuprammonium 
solution before use. Obviously, the 
srae principle may be applied in the 
direction of cementing together the 
edges of sheets of paper so as to form 
larger sheets, fixing firmly together 
paper, pasteboard, wood, and analogous 
•urfaees, book-bindiug, and in numer- 
ous oUier* ways ; troughs and dishes, 


water-tight boxes and packing-case 
linings are readily prepared thus. 

2. Welded Willesden goods have un* 
doubtedly the merit of j^jng the most 
remarkable and interesting of all, on 
accountof their importantapphcations ; 
they are all prepared in substantially 
the same way, viz., by simultaneously 
dipping more than 1 ply, and pressing 
into one compact homogeneous sheet 
the various layers, wliilst still gela- 
tinised or pectised by the ^tion of the 
cuprammonium solution.. According 
to the nature and tliickness of the 
finished material various subdivisions 
of this class may be tabulated, e.g. : — 
8-ply, panel l)oard ; 4-ply, for roofing, 
building, panelling, decorating ; 2-ply, 
for underlining, interior decoration, 
floors, damp walls, packing, leaky 
roofs ; 1-ply, described above as un- 
welded Willesden goods. 

Besides these, various kinds of com- 
bination fabrics may be noticed, such 
as those obtainable by simultaneously 
treating paper and calico, and welding 
the two together so as to form an 
article resembling ordinary mounted 
drawing paper, but differing therefrom 
in the important character that long- 
continued immersion and even long 
boiling in water causes not the least 
disintegration or separation of the two 
diverse fabrics thus combined ; so that 
military and submarine engineers’ and 
surveyors’ plans, and the like, drawn 
on such paper would be uninjured by 
being expoirod to wet and rain, if the 
colours or ink were of suitable l^ds, lo 
as to resist the action of the water. 

Willesden 8-ply is adapted for pand 
work and use where grmt stren^h is 
required, and is valuable owing to its 
being nu^e (to special order) 54 or even 
60 in. wide, and in continuous lengths ; 
from the nature of this material there 
is no fear of its cracking at splitting 
like ordinary panel board. For boat* 
building and naval construction gene- 
rally it is well adapted. 

Willesden 4-ply, next to slates and 
tiles, stands pre-eminent as a duti- 
able roofing material, unassailable by 
weatherof allkinds; whilstitsstrengtlt, 
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combined with lightness and flexi« 
bility, render it a most valuable and 
unique article for practical use and 
service ; more especially are these ad< 
vantages manifest in connection with 
up-country and foreign employments. 

It would come far cheaper than gal- 
vanised iron, in any locality where the 
cost of transit is heavy, more especially 
in new districts where the means of 
communication with the seaboard are 
but imperfectly opened up. Again, 
being put ilp in compact rolls (ordi- 
narily of 2 cwt. each), no space is 
wast^ in packing. Another special 
advantage is, that being comparatively 
non-conducting, the heat of a tropical 
sun is less felt under a roof of this kind 
than under a metallic one ; whilst, on 
the other hand, the condensation of 
moisture from warm air inside a hut 
thus roofed or walled is all but imper- 
ceptible, even on a cold night ; whereas 
an iron building, under similar con- 
ditions, frequently gives an incon- 
venient drip of condensed water from 
the roof, and small streams running 
down the walls. 

For building purposes generally, and 
interior use, 4- ply offers many ^van- 
tages. Where the buildings are tem- 
porary and intended for subsequent 
removal elsewhere (e.g., workmen’s 
huts when engaged in railroad con- 
struction), the lightness of this material 
renders it eminently adapted for con- 
struction in removable sections ; and 
for more permanent structures it is 
equally advantageous for numerous 
reasons. It does not harbour moths or 
other vermin ; in the hottest weather, 
under a broiling tropical sun, it remains 
unchanged, and emits no unpleasant 
odour ; it requires no painting, and 
exempts from the necessity of using 
pot and brush year after year to pre- 
ventcorrosion,or to makea neat Hurhu^ 
or render water-tight, Joeing weather- 
proof in itself. If required for internal 
decoration, however, it will take paint 
ree2lily,andt indeed, forms an admirable 
found^ou for the punter and deco- 
rator to work upon, in tins respect 
having muied advantages oven zelt 


with which material it has nothing in 
common, although the two can, if de- 
sired, l>e used in conjunction. In case 
of fire, although not absolutely inde- 
structible, 'yet “WiUesden” will not 
readily fe^ the flames, the copperising 
and compacting process by which it is 
made rendering it far less inflammable 
than such su^tances as painted or 
tarred felt, or wooden shingling ; its 
lightness, moreover, renders much less 
massive timbering requisite for the 
support of roofs, thus again diminisliing 
the .risk of damage by conflagration, 
there being actually less combustible 
matter about a budding erected with 
this material than is necessary when 
the weight of a slated or tiled roof lias 
to be supported. .A special method 
of fixing walls and roofs of Willesden 
paper is recommended (see ‘ Spons’ 
Mechanics’ Own Book,’ pp. 618-20). 
Many such roofs are now standing in 
perfectly good condition, after upwwds 
of eight years’ exposure to weatiier of 
all sorts ; similarly, pipes conveying 
both water and steam have been in use 
upwards of three years below ground 
at the Willesden works without any 
visible deterioration. 

Willesden 2-ply issusceptible of being 
used for many purposes for which 4-ply 
is applicable, more especially when a 
less degree of body and substance will 
suffice. One special purpose to which 
it is excellently well a^pted is for 
laying upon or under floor-boards and 
joists, to avoid damp and draughts. 
Used as a floor-cloth for stairs and 
offices, it wears well and is most effec- 
tive, the cost being only a fraction 
that of linoleum, kamptuUoon, and 
similar articles. 

Boats made of the paper answer 
very well in fresh water, but have not 
been tested in salt water. One advan- 
tage in making boats of the paper ie 
that they are lighter than those nakde 
of wood, and, in the next place, are* 
very easily repaired. Photo|pphAe] 
dishes can easily be made by t&nlS..* t 
sheet and pinching up the oxiki 
bulging being prevented by runidl% * 
thr^ through the comen. 
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disheB can be used for •chemicals, 
though it is not advisable to pat in a 
second ghemicalif thefirst has remained 
in the dish for some time, ffhe action 
of acids upon the card depends upon the 
concentnition as well as the nature of 
the acid and the temperature. If the 
card were boiled in a beaker, with weak 
Bulj)huric or hydrochloric acid, lieyond 
doubt copper in solution would I)e 
found, andj r** doubt, there would l)e 
less copper in thf card than there was 
before ; but, in the cold, very little 
copper is dissolved out . It is unlikbly 
that the solution of copper in this way 
would affect t^e stability of the mate- 
rial for use in galvanic cells. Whether 
tliis material can be used for vats for 
bleaching purposes is a mat ter which 
experience alone can decide, though 
there is nothing in the character of the 
material wliich would unfit it for the 
purpose. At the same time it is doubt- 
ful whether oil of vitriol could be kept 
in a vessel made of Willesdeu paper. 
With regard to ropes being only super- 
ficially tinged with the coppery mate- 
rial, that partly arises from the circum- 
stance that the rojie is purposely not 
immersed sufficiently long to enable 
the fluid to penetrate deeply. As the 
action of the solution is to dissolve and 
disintegrate fibres, if thin ropes were 
saturated all tlmough, they would lose 
a certain amount of strength. It is 
not necessary that a rope sliall be satu- 
rated throughout. As to the paper 
treated at Willesden, complete pene- 
tration of the fluid into each ply of 
paper is a necessity, in order to obtain 
a proper product. The principal diffi- 
culty in carrying out the process con- 
gists in exactly regulating the strength 
of the solution as regards the amount 
of copper and ammonia, the nature of 
the paper and the length of time during 
which it has to pass through the vat, 
in order that the solution shall pass 
into the interior of the paper to the 
proper extent and no more ; for if the 
action of solution is overdone, the ma- 
terial becomes too soft and tender to 
be dealt with by the machine. Both < 
the canvas and paper are susceptible 
4 


of use as a medium for painting, though 
canvas has not been long in use ; but^ 
there is every reason to believe that 
works of art on canvas trehted by this 
process will be less subject to deteriora- 
tion through injury to the foundation. 
The paper would have no effect upon 
any mineral colour employed for deco- 
rative purjxises. The action of copper 
u}X)n cerbiin organic dyes is well 
known, but these sulwtances are rarely 
used for painting. The parper can be 
moulded into any shape. As to the 
analogy between this paper and paper 
parchmentised with sulphuric acid, the 
two processes are dissimilar, though 
chemically the change produced on the 
paper fibre is of much the same 
character. There is a certain amount 
of analogy between the processes ; if, 
for example, a sheet of writing paper 
is impregnated with cuprammonium to 
a fair extent, it has much the same 
texture when finished as parchmentised 
paper, and microscopically there is the 
same kind of structure. The quantity 
of copjxir left in the paper after treat- 
ment will vary very much according to 
the length of time the paper is allowed 
to remain in the solution, and the 
quantity taken up, but in round figures 
an analysis of 4-ply paper shows that 
it contaius about 4 per cent, of metal. 
Among other uses to which the paper 
may be put are covering bricks in the 
brickfield, and making shelters for 
vineries. Upon the question of 
w'hether Willesden pajier is a non-con- 
ductor for electricity or not, probably 
if the material were rolled up into a 
pipe and used for telegraph cables it 
would serve very efficiently, though 
scarcely with any advantage over 
guttapercha. It certainly does not 
conduct electricity readily ; but as it 
contains copper, if there happened to 
be a leaky wire, reduction of metallio 
copper might be 'caused, whereby me- 
tallic communication would be set up 
from the wire to, the earth, and, there- 
fore, it is doubtful whether the sub- 
stance could serve for the purpose of 
insulation. For chemical laboratories, 
and household matters, there are a con- 
2 K 
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siderable number of applications where 
the material will come in most handily. 

Miscellaneous Preparations.— 
A large number of compounds have 
been proposed at various times for ren- 
dering articles of everyday use more or 
less impervious to wet. These will 
now be collected together and arranged 
under four heads, according as they 
are designed more particularly for felt 
hats, leather, paper or textile goods. 

Felt Hat8."-(1) The stuff of 
coarse hat bodies is imbued with dry- 
ing oil, prepared by boiling 50 parts 
linseed oil with 1 part each of white 
lead, litharge, and umber. The felt 
to be dried in a stove, and then 
polished by pumice ; five or six coats 
of oil are re<]uired ; the surface is at 
last varnished, Wlien the hat is in- 
tended to be stiff, the fabric is to be 
impregnated, first of all with jiaste, 
then stove-dried, cut into the desired 
shape, and pumiced repeate<lly; lastly 
placed in a hot iron mould, and exposed 
to strong pressure. 

(2) Remove lining of hat, and pwnt 
the inside with Canada balsiim, made 
hot. Hats made waterproof and not 
ventilated will bring on premature 
baldness ; so punch a few small holes 
in the side. 

(3) For waterproofing a soft hat, 
sponge the inside of the hat with a 
warm solution of soap, 2 oz. to the 
pint, and dry. If the hat is a light- 
coloured one, it could be dipped first 
in the soap, and then in the alum ; 
this will more effectually waterproof 
the hat. 

Leather. — (1) Add to a boiling 
solution of common yellow soap, in 
water, solution of alum or alum-cake 
(alumina sulphate) as long as a separ- 
ation of white alumina soap takes 
place ; allow the precipitate to subside, 
wash it with hot w,^ter, heat moder- 
ately for some time, to expel adhering 
water) and dissolve the semi-trans- 
parent mass in warn; oil of turpentine. 
Th^ solution may be, a^iplied by brush ' 
or by dipping and rolling. Oil and 
colours may be added to the path, and# 
t'ite substance dried in the air, or more 


rapidly in' a drying room at 90°-100° 
F. (32®-38° C.), with care to prevent 
fire. ' « 

(2) 100 oz. best white or yellow wax, 
6 oz. Burgundy pitch, 8 oz. ground-nut 
oil, 5 oz. iron sulphate, 2 oz, essence 
of thyme. 

(3) A method of waterproofing 
leather and raw hides, used in southern 
Austria, is as follows ; Impregnate the 
substance with a gelatine solution, 
mixed with some mineral salt to coagu- 
late the gelatine in the pores., "Kie 
fufiowing mixtures can be used: (a) 
1200 water, 15 gelatine, 6 potash bi- 
chromate ; or (6) 1500(>fater, 60 gela- 
tine, 30 i>ota8h bichromate ; the tem- 
perature of the solution may vary from 
50° F. (10° C. ), to boiling-point. When 
the bichromate percentage is small, tha 
li(luor is used cold, and the leather or 
hide is immersed for 24 hours ; as the 
proportion approaches the point of 
saturation, the temperature must 
approximate more nearly to boiling, 
and the time of immersion be redact 
until ‘t iHjcomes momentary. The 
bichromate solution may be replaced 
by the following : 1000 water, 10 gela- 
tine, 100 lead acetate, 100 alum ; in 
every case, after impregnation on one 
or both sides, the leather or hide 
should be dried, and dressed on both 
sides with paraffin. 

(4) For rendering hose of fire-engines 
completely water-tigb.t so as to with- 
stand the greatest pressure, the hose, 
after being cleaned and dried, is im- 
pregnated with a mixture of 100 parts 
of glycerine and three of carbolic acid, 
which may he done either by drawing 
the hose through the liquid, or, better 
still, by bruslung it well in. Thus 
treated, the hose preserves a certain 
degree of dampness, without, holdover, 
being liable to rotting in le^ 
degree, and so sufferi^ 

in (juality and durability. The brw* 
fittings of the hose are attacked 
imperceptibly by the acid coniwip w g 
the composition ; but even ilkSt g gT 
he easily prevented by giving 
» before irapr^^tion a ooism^ w 
shellac varnish, or by grsavbg 
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well with tallow. The hose must be i 
cleaned eyery time they ha^e been 
used,* dried,, and impregnated anew ! 
with the liquid. The previous drying j 
of the hose is, however, not necessarily 
essential, more especially in winter, 
when drying is sliglitly difficult ; it 
suffices to let the water run well out 
of the hose. 

(1) Boots and Shoes . — Apply to the j 
soles as «iu6hjpo[jal varnish as they 
will absorb; and castor oil to the 
uppers. The castor oil does not, pre- 
vent subseiiucnt bLicking. 

(‘2) 1 oz. Ijeoswax, ^ oz. suet, 2 oz. 
olive oil, ^ ozPlampblack ; melt the wax 
and suet in the oil, add the lamphlack, 
and stir till cool ; warm the shoes and 
rub in the conqHmnd. 

(3) Warm the boots by the fire and 
then rub in j«iraffiii wax ; it is, how- 
ever, apt to soil the stockings by being 
melted out by the heat of the feet. A j 
saturated solution of paraflia wax in 
cold uaphtlia, applied cold, is perhaps 
better. 

(4) Mix together in a pipkin, on the i 
fire, 4 parts tallow to 1 of resin, and ' 
having thoroughly warmed the boots, i 
apply it, molted, with a painter’s brush 1 
till they will not soak in any more. If 
the boots are well polished before 
applying the mixture, they will jjolish 
afterwaids. 

(5) Take about 1 gill of Macintosh’s 
indiarubber waterproofing solution, 
dissolve it in ‘2 gills raw linseed oil, 
adding the oil to the solution gradually. 
With this liquor paint the boots, giving 
as many coats, at intervals of six or 
ei^t hours, to the leather as it will 
take in, which may be as many as ten 
or twelve. The prepared leather takes 
a brilliant polish. 

(6) 1 part ozokerit in 2 parts castor 
oU, and 1 part lampblack added, makes 
an excellent application, as the boots 
will take a thin polish after. 

(7) Salad oil 1 pint, mutton suet 
4 oz., white wax and spermaceti of 
eaeffi 1 oz., molted together, and applied 
tdthe boots warmed before the fire. 

(8) Much used by fishermen : Melt 
8 oz. spermaceti in a ladle, and add 


oz. rubber, cut into thin shavings. 

hen dissolved, add lb. tallow, 2 oa. 
pure lard, and 4 oz. amber varnish. 
Mix well, and while still warm apply 
with a brush, giving two or three coats. 
It leaves a go^ polish, and is preserva- 
tive as well as being waterproof. 

Paper.— (1) It is awell-known fact 
that cellulose is soluble in cuprous am- 
monia solution ; paper, linen, and other 
vegetable tissues laid therein undergo 
a sort of surface-amalgamation of the 
fibres, which alters their absorbent 
powers. A sheet of pajjer so treated, 
and dried afterwords, becomes imper- 
meable to water, and this property is 
not efiaced by subsequent boiling. 
Sheets of paper soaked in the solution 
and laid one upon the other and rolled 
become amalgamated into a kind of 
cardboard, possessing great elasticity 
and cohesive power. The cuprous so- 
lution may be prepared by agitating 
copper filings in a closed vessel contain- 
ing li({uid ammonia of '88 sp. gr. 
is<‘€ CUPIIAMMONIUM PBOCKSBES AND 

WiLLESDKN Paper). 

(2) Dissolve 8 oz. alum and 3| oz. 
Cjistile soap in 4 pints water, and 2 oz. 
gum arabic and 4 oz. glue, separately, 
in 4 pints water; mix the solutions, 
heat slightly, dip in the single sheets, 
and hang up until dry. 

(3) Waterproofing pasteboard may 
be effected with a mixture of 4 parts 
slaked lime in 3 of skimmed milk, 
with a little alum added. As soon as 
mixed, the pasteboard is brushed over 
with two successive coatings of the pre- 
paration, and thus becomes impervious 
to water. 

(4) Take pale shellac, 5 oz. ; borax, 
loz. ; water, 1 pint. Digest at nearly 
the Iwiling-point till dissolved, then 
strain. This forms also an excellent 
vehicle for water-colours, inks, etc. If 
required quite# transparent, the lao 
should be bleached as follows : Dissolve 
shellac in a lye of pearl-ash, by boiling ; 
filter and pas» an excess of chlorine 
gas tlirough the solution, which will 
precipitate the white lac. Wash and 
dry the precipitate, and cast i]b if de* 
sirod into sticks, 
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(h)P<iching jPa/ier.— Dissolve If lb. 
white soap in 1 qt. water. In another 
quart of water dissolve 1| oz. gum 
arable and 5 oz. glue. Mix the two 
solutions, warm them, soak the paper 
in the liquid, and pass it between 
rollers, or simply hang up to dry. 

(6) Waterproof Paper for Boats . — 
Sheets of stout manila passed through 
a hot bath of aqueous solution of zinc 
chloride (at 75° B.), pressed strongly 
together and then Soaked in dilute 
aqueous soda solution containing a 
small amount of glycerin, cohere to 
form a strong, stiff, waterproof board 
admirably adapted to the construction 
of small boats. Single sheets of paper 
passed quickly through the zinc chlo- 
ride bath, pressed, and washed, and 
dried, are waterproof, and may be 
otberwise joined to form waterproof 
boards by any suitable cement, such 
as the following : Good pitch and gutta 
percha (about equal pirts) are fu.se«l 
together, and to 9 parts of this are 
added 0 parts of boiled oil, and jL part 
of litharge; continue the heat with 
stirring until thorough union of the 
ingredients is effected. This is applied 
hot or cooled somewhat, and thinned 
with a small quantity of benzole or 
turpentine oil. 

(7) Orease-proof Paper. — Parch- 
ment-paper is plunged into a warm 
solution of concentrated gelatine, to 
which has been added 2J-3 per cent, 
glycerine, and allowed to dry. The 
resulting paper is impervious to grease. 
If desir^ to make a paper waterproof, 
the same parchment-paper is dipped 
in carbon bisulphide containing 1 ;per 
cent, linseed oil and 4 per cent, india- 
rubber. 

(8) Parchment Paper is obtmned 
by thoroughly washing woollen or 
cotton fabrics, so as to remove gum, 
starch, and other foreign bodies, then 
immersing thqm in a ^th containing 
a smAd quantity of paper pulp. The 
latter is made to penetrate the fabric 
by being passed between rollers. 
Thus prepared, it is afterwards 
dipped mto sulphuric acid of i suitable 
'ooncentration, and then repeatedly 


washed in & bath of aqueous ammonia 
until eVeiy trace of acid h^ been re- 
moved. Finally, it is pres^ between 
rollers to remove the excess of liquid, 
dried between two other rollers which 
are covered \vith felt, and lastly calen- 
dered. The product is suitable for 
tUaphragms in dialytic operations. 

(9) Treat the tissue to be water- 
proofed with chloride, sulplmte, or other 
soluble salt or salts of zinc qp cadmium, 
ip conjunction with ammonia, applied 
in the form of a solution compo^ of 
about 3 parts crystallised zinc sulphate, 
or 3 parts of a solution of zinc chloride 
at 76° Tw. (47° B.), and about 2 parts 
of solution of ammonia of sp. gr. 0*875. 
The paper which it is propos^ to treat 
is poss^ through a cistern lined with 
lead, and specially constructed for this 
purpose, withan arrangementof rollers, 
so as to allow the material to pass 

I tlirough at a speed varying from 30 to 

I 36 yd. per minute, according to the 
thickness. In its passage through the 
liquor, the material becomes perfectly 
saturated. From the bath it passes 
through a i>air of squeezing rollers, 
which remove the superfluous liquor, 
and harden it by compression. !^m 
the rollers it is next passed to a sus- 
pending apparatus, then hung along 
the room in folds in a temperature of 
110° F. (43° C.), until it is sufficiently 
dry to be taken down. The rollers in 
the cistern, the squeezing rollers, and 
the suspending apparatus are so sp^ed 
that the material is taken from one to 
the other without any inconvenience 
or stoppage. 

(10) Treat with glue, gelatine, or 
other similar substances, in conjunction 
with bichromate or clu*omate of potash, 
soda, or alumina, applied in the form 
of a solution of about 1 part glue or 
gelatine in about 8 of water at 160^ F, 
(71° C.), and a solution of 1 part potadi 
bichromate in 15 of water. The mode 
of treatment in this case differs from(9)? 
only in two iwints. (a) During the timA, 
the material is traversing the faa'^, si 
already described, the solution is main- 
tained at 160° F. (71° C.) by means 
of siphon pipes charged with steam ; 
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(6) instead of suspending to dry, the 
material is^ immediately passed over 
three steam cylinders 7 ft. in diameter, 
carrying a pressure of 15-2^ lb. to the 
sq. in. The cylinders are provided 
with gauges to indicate the pressure 
they are required to carry, and also 
with safety-valves to prevent this pres- 
sure from being exceeded. The bjvth 
must always be kept in a state of <lark- 
ness. , ' 

(11) The pap5r is treated with ace- 
tate, Biilphatc or chloride of alumina, 
applied in the form of a solution 5f 1 
part of any of these comixiunds in 6 of 
water at 160JF. (71" C.). The same 
conditions are required to produce a 
waterproof material with these com- 
pounds as those descrilied in (9) and 
(10), with this diflerence, tl»at it is 
not absolutely necessary to preserve 
darkness during the process. 

Vamighes for Waterproof Paper, 

(12) Pulverise 1 lb. shellac and put it 
into a bottle with a sufficient quantity 
of alcohol to cover the resin ; cork the 
bottle tigiitly, and keep it in a wann 
place until the resin is dissolved. To 
1 qt. of the liquid add 1 oz. ivory black 
and ) oz. camphor dissolved in alcohol. 
Apply with a varnish brush. If too 
tluck to work well, thin with alcohol. 

(13) Johnson’s green vitriol is dis- 
solved in water, a solution of soap is 
added to this, and the precipitate of 
iron soap which is formed is collected. 
When this precipitate has become dry, 
and is then dissolved in carbon bisul- 
phide or in benzole, a fluid is obtained 
wliich leaves behind a waterproof layer 
upon paper or tissue. If the pajier or 
tiMue is to remain white, a solution of 
alum is used instead of that of green 
vitriol, and a white aluminium soap is 
then obtained, which is used in the 
same manner. 

fl4) Take 4 oz. clean guttapercha, 
dissolve in 1 lb. rectified resin oil ; 
add 2 lb. linseed-oil varnish, boiling 
hot. 

(16) 1 part dammar resin, 4-8 parts 
acetone are digested in a closed flask 
for two weeks, and the clear solution 
is poured off. To this 4 parts collodion 
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are added, and the whole is allowed to 
clear by standing. 

(16) 80 parts white shellac are di- 
gested with 500 of ether, and to the 
solution 1 6 of lead carbonate are added ; 
it is then shaken for some time and 
repeatedly filtered. 

(17) 5 parts glue are dissolved in 
100 of warm water, and this solution 
is spread on paper. After drying, the 
pai)er is soaked for an hour in a 10 per 
cent, solution of alumina acetate and 
again dried, in order to give it a final 
glaze. 

j (18) 120 parts linseed oil are heated 
and poured into a mixture of 33 of 
quicklime and 22 of water, to which 
.55 of melted rubber have been added, 

' stirring all the time. The varnish is 
! strained and used hot 

(19) 1 pirt guttapercha is carefully 
digested in 40 of benzene on the water 
bath, and the paper is covered with it. 
This varnish can be drawn or written 
on, and it does not render the paper 
transparent or spotted. 

Textiles. — Without considering 
j the methods by which cloth is water- 
I proofctl with rublter, there are several 
j processes in practical use by which cloth 
is rendered non-absorbent of water — 
I and for all practical purposes water- 
] proof — without materially affecting its 
; colour or appearance, greatly increasing 
1 its weight, or rendering it entirely air- 
j proof. These dejicnd mainly upon the 
j rtaction between two or more sub- 
stances, in consequence of which a 
j substance insoluble in water is de- 
posited in the fibres of the cloth. 

(1) Lowry’s process : 2 oz. soap, 
4 oz. glue, 1 gal. water. Soften the 
glue in cold water, and dissolve it 
together with the soap in the water by 
i aid of heat and agitation. The cloth 
. is filled with this solution by boiling it 
, in the liquid for several hours, the time 
! requireil depentling upon the kind of 
I fibre and thickness of the cloth. 

I When properly saturated, the excess of 
! liquid is wrung out, the cloth is ex- 
I posed to the air until nearly dry, then 
[ digest for five to twelve hours in the 
I foUowmg solution : 13 oz. alum, 16 oz. 
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salt, 1 gal. water. It is finally wrung 
out, rinsed in clean water, and dried 
at a temperature of about 80° F. 
.(27°C.). 

(2) Paut’s process requires a small 
quantity of oil, but in other respects 
resembles the last. It is given as fob 
lows : 1 lb. sodium carbonate, ^ lb. 
caustic lime, 2^ pints water. Boil 
together, let it stand to settle, then 
draw off the clear lye, and add to it 
1 lb. tallow, I lb. resin, previously 
melted together. Boil and stir occa- 
sionally for half an hour, then introduce 
3 oz. glue (previously softened), 3 oz. 
linseed oil, and continue the boiling 
and stirring for another half hour. In 
waterproofing, ^ oz. of this soap is 
mixed with 1 gal. hot water, and in 
this the goods are soaked for about 
twenty-four hours, according to thick- 
ness and character. The pieces are 
allowed to drain until partly dried, 
then soaked for six hours or more in a 
solution prepared as follows : 1 lb. 
aluminium sulphate, ^ lb. lead acetate, 
8 gal. water. Shake together, allow 
to settle, and draw off the clear 
Hqnid. Wring out after rinsing, 
and dry at a temperature of 80° F. 
(27° C.). 

(3) Bienvaux uses, instead of glue 
and oil as above, the gelatinous por- 
tion of sea-wrack grass, with a small 
quantity of a drying oil and common 
resin-so^ soap. 

(4) In Iteimann's process, the cloth 
is passed alowly by macliinery through 
a tank divided into tlu^ compart- 
ments, the first containing a warm 
solution Ox alum, the second a warm 
solution of lead acetate, and the tliird 
pure water, wliich is constantly re- 
newed. The cloth on passing from tlie 
lattes is brushed and beaten to remove 
the salt adhering to the surface, and 
finally hot-press^ and brushed. In 
thia case, le^ sulphate* is deposited in 
the fibres. 

<(1) In Townsend 8 process, two solu- 
tkms are used as follows : 20 lb. dex- 
trine/ 101b. ifrhite soap, 16 gal. water. 
19ie solution is boiled for some minutes, 
an^ if oolour,i» required, 1 piift log- 


wood liquor is added. The second 
solutioniconsists of a saturated solution 
of alum in water, or 6 lb. zinc sulphate, 
9 gal. wateiv 

(6) Bullard’s process is somewhat 
similar to Iteimann’s. In tliis, strong 
aqueous solutions of aluminium sul- 
pl^te and lead acetate are used alter- 
nately. 

(7) Berlin Waierproof Cloth is said 
to be pre^red by saturating the cloth 
in a solution of alumiifiam and copper 
a(^tate, then dipping it successively in 
watel -glass and resin-soap. 

(8) A bath heated to 194° F. (90° 
C.) is made of 13 J lb. liqyid Bordeaux 
turpentine, lb. tallow, 1 lb. wax, 
and } lb. storax ; the articles are im- 
mersed for a few minutes, then passed 
between heated rollers to remove ex- 
cess. 

(9) Son* years ago the Belgian War 
Department conducted a series of ex- 
periments at Valvorde on the water- 
proofing of soldiers’ uniforms by means 
of liquid alumina. With respect to 
the hygienic side of the question, the 
medical authorities satisfied themselves 
that the articles of dress thus treated 
permit the perspiration to pass off 
freely, and chemical analysis proved 
that the preparation used in no way 
injured the materials, or destroyed 
their colour. More than 10,000 yd. of 
materials, re-dressed two or three times 
over, notwithstanding the rinsing and 
washing to which they had been sub- 
jected after having been soiled, and after 
constant wear, remained perfectly 
waterproof. The only drawback to the 
process appeared to be that it is not 
very economical, and to ensure the de- 
sir^ result must be conducted on a 
large scale, which requires a consider- 
able amount of plant. The followii^ 
is the process employed : — Aluminaaoe- 
tateis obtained by making aoluriomfol 
^ual parts of alum and le^ aoetate 
in separate vessels, and then mixiug 
them together. Lead sulphate will be 
thrown down, leaving alunpna acetate 
in solution, which must be decanted. 
The materiBds to be waterproofed atp 
soideed in this solution, and then 
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drawn without being wrung, und dried 
in the air. • • 

(10) l^llefroid produces an imper- 
m«able coating, wliich consiiijbs firstly 
of a solution of stearine pitch, one 
of the by-products of candle-niaking, 
which pitch, in order to he used in the 
fabrication of the compound, is pre- 
viously completely oxidised by expo- 
sure to the air. In order to aimplete i 
tills oxidisation^ ^he pitch is spread out 
in very thiif layei 3, and exposed to the 
outer atmosphere for a period of at 
least two years . Tliis exposure is al )so- 
lutely necessary, judging from ex|ieri- 
ments repeatedly made. The solution 
is afterwards effected in the following 
manner. A mixture consisting of 7** 
lb. stearine pitch, 150 lb. water, and 
5 lb. caustic s(xla at about 35*^ to 36®, 
is put into a Ixiiler or vessel of any 
suitable shape, having a second or 
double bottom so as to allow of the 
removal of imfmrities which will settle 
at the bottom of the vessel. The mix- 
ture is boiled for twelve hours over a 
strong fire, after which 52 pints water 
are added, and the boiling is continued 
for another twelve hours. The solu- 
tion thus obtained is then poured out 
in an open vessel, and left exposed to the 
open air for eight days, for the purpose 
of being clarified, and enabling the im- 
purities to settle at the bottom. 

(11) Piron lias invented a process for 
tanning textile fabrics, which renders 
them waterproof, and at the sjimo time, 
it is said, proof against deaiy, while 
their suppleness is not diminished, and 
their weight not ajjpreciably increased. 
Aiguing from the high state of preser- 
vation in wliich the bands wliich sur- 
round the heads of Egyptian mummies 
are found to this day, and which are 
impregnated with a kind of resin, 
Piron had recourse to the substance 
extracted from birch bark, and which 
is now used to perfume Russia leather. 
When the fine white bark of the birch 
tree is distilled, it Yields a light oil, 
nearly a quarter of which consists of the 
S^tedal pWol, or carbolic acid, which 
giyes the well-known odour to Russia 
leather. It is now found that the 


residue, or green tar of the birch, 
which is , obtained from Kostroma, 
yields neither acid nor alkaloid, and it « 
forms, with alcohol, a solution of great 
fluidity, which, however, when once 
dried, is unacted upon by alcohol. It 
is this substance, which will unite with 
the most brilliant colours, that is used 
by Piron for treating textile fabrics, 
Notoniy does it fill the capillary vessels, 
but it also coats them with a vafnish 
of great elasticity, which is unattackable 
by acids and sea w'ater, while it also 
stands great cliaiiges of temperature. 
The aromatic odour of articles thus 
treated drives away insects ; there is 
no sjiace ff)r microscopic vegetation, 
and neither air nor water can penetrate 
into the tis ues. This process is ap- 
plicable to all vegetable products, such 
as sailcloth, cordage, blinds, and awn- 
ings. 

(12) Sjickcioth or canvas can be made 
as impervious to moisture as leather 
by steeping it in a decoction of 1 lb, 
oak liark with 1-1 lb. boiling water. 
This quantity is sufficient for 8 yd. of 
stutt*. The cloth lias to soak for 24 
hours, when it is taken out, passed 
through running water, and hung up 
to dry. The flax and hemp fibres, in 
absorbing the tannin, are at the same 
time better fitted to resist wear, 

(13) Boiled oil, 15 lb.; beeswax, 1 lb.; 
ground litharge, 13 lb. ; mix, and apply 
with a brush to the article, previously 
stretching against a wall or on a table, 
and well washing and drying each 
article before applying the composi- 
tion. 

(14) Invisible Waterproojing for 
Clothing . — Imbue the cloth on the 
wrong side with a solution of isin glass , 
alum, and soap dissolv^ in v^ter, 
forming an emulsion of a milky tlupk- 
nesB ; apply with a brush, rubbi^ in 
well. When dry, it is brushed on the 
wrong side ^in#t the grain, and then 
gone over with a brush ^pped in water ; 
afterwards brushed down smooth. 

(16) WaterjMiboJing Cdico.—Csi^oo 
intended foranoilskm overcoat should 
be made up before it is oiled. The 
overcoflit should be laid out on a 
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bench, and a coating of best boiled 
linseed oil applied sparingly all over 
with a brush ; the coat is then hung 
in the open 'air until the oil is quite 
dry, when it is again treated with oil 
and dried ; three or four coats are thus 
applied. As a final coat, a layer of 
black paint thinned with turpentine 
may be put on. Oilskins are also 
made with raw linseed oil, and they 
are more flexible, but they take much 
longer to dry. 

(16) Waterproof Coat — Isinglass, 
alum, soap, equal parts ; water suffi- 
cient. Dissolve each separately, and 
mix the solution, with which imbue 
the cloth on the wrong side. Dry, 
and brush the cloth well, first with a 
dry brush, and afterwards (lightly) 
with a brush dipped in water. 

(17) Waterproofing Paint for Van- 
covers^ Horse-cloths^ Capes, Leggings, 
Hats, etc.-^a) Lampblack, ground 
in turpentine, \ lb. ; ground black 
resin, 1 lb. ; Brunswick black, 3 qt. ; 
boiled linseed oil, 1 qt. Mix well, 
and when the resin is dissolved strain 
and it is ready for use. (6) Take J lb. 
camphor and 3 lb. garnet shellac, 
crush them and dissolve in gal. 
methylated spirit. Take § lb. vege- 
table black and 3 oz. Prussian blue, and 
rub these up in a little of the liquid 
mixture first described. When rubbed 
up to a paste add the rest of the 
liquid, and, when well mixed and 
strained, it is ready for use. Either of 
the above can be put up in 1 lb. tins 
for sale. 

(18) Seamen’s Oilskins. — The mate- 
rial should be fine twilled calico, dipped 
in bullocks’ blood and well dried in a 
current of air, then two or three coats 
of raw linseed oil with a little gold size 
or lj[tharge in it (say 1 oz. to 1 pint of 
oil). Each coat should be allowed to 
dry thoroughly before the next is put 
on (as before in a cuVrent of air, care 
being taken to shelter it from both 
sun and rain). Oilskins made in this 
way, both here and in 'the tropics, have 
stood for years. 

(19) WcUetproofing Linen or Ckdico 
»-the manner in which sea-fidhermen 


do coats and leggings.—Whatever the 
article^, let it be stretched on a table. 
Make very thick paint 6f w)iatever 
colour is vt^ished. An invisible green 
is, perhaps, as good as any. T^e a 
large lump of common brown soap, 
pretty freslily cut from a bar, in the 
left liand, and every time you replenish 
the brush with paint rub well on the 
soap, and take up as much as possible, 
and rub well on one surface of the 
calico or linen. It vidll take'long to do, 
and should be hung in the windiest 
place you can find. Bummer is the 
best time, but a month will see it in 
very usable order, and you will have as 
supple and perfectly waterproof a gar- 
ment as paint can make. After wearing 
a few times a second coat would be ad- 
visable, which will dry in half the time 
of the first, and must be done in the 
same way. 

(20) For Canvas . — A solution con- 
taining equal parts by weight of gela- 
tine and chrome-alum. It is not 
advisable to mix more of the solution 
at once than is sufficient to give the 
canvas one coat, as, if the mixture 
once sets, it cannot be reliquefied like a 
plain solution of gelatine, and hence, 
if the quantity of canvas to be water- 
proofed is but small, it would, per- 
haps, be preferable to coat with plain 
gelatine solution until quite impervious 
to cold water, and then to thoroughly 
soak, say for 24 hours, in a strong 
solution of chrome-alum. 

(21) SaU-cl^th.—Qnudi 96 lb. Eng- 
lish ochre with boiled oil, and add to 
it 16 lb. black paint. Dissolve 1 lb, 
yellow soap in one pail of water on the 
fire, and mix it while hot with the 
paint. Lay tins composition, without 
wetting it, upon the canvas, ae st^ as 
can conveniently be done with the 
brush, so as to form a smooth surface ; 

I the next day, or the day after (if the 
latter, so much the better), lay on § 
second coat of ochre and tl^, with « 
very little, if tmy, soap ; allow thil 
coat a day to dry, and then finish tlSM^ 
canvas with black paint. 

(22) WWfen<.~Boil 4} oe. white 
soap in 2^ gal. water, and aeperate^ 
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dissolve 5| oz. alum in 2^ gal. water. 
Heat the t,wh Bolutions to 1S0®F. 
(88^ C.),« 1)088 the fabric first through 
the Boap hath and then thmiugh the 
alum, and finally dry in the open-air. 

(23) Oil-cloth. — The manner of 
making oil -cloth or“oil-Bkin” was at one 
fMjriod a mystery. The process is now 
well understood, and is ecjually simple 
and useful. Dissolve some good resin 
or lac over tjie fircj^n drying linseed oil, 
till the resin is uissolved, and the oil 
brought 'to the thickness of a balsam. 
If this be spread upon ciinvas, or a\iy 
other linen cloth, so as fully to drench 
and entirely tqiglaae it over, the cloth, 
if then suffered to dry thoroughly, 
will be (juite imiienctrablo to wet of 
every description. This varnish may 
either be worked by itself or with some 
colour added to it : as verdigris for 
a green ; umber for a liair colour ; 
white-lead and lampblack for a grey ; 
indigo and white for a light blue, etc. 
To give the colour, you have only to 
grind it with the last coat of varnish 
you lay on. You must Ixs as careful os 
possible to lay on the vaniish equally 
in all parts. 

(24) A better method, however, of 
preparing oil-cloth is first to cover the 
cloth or canvas with' a liquid paste, 
made with drying-oil in the follow- 
ing manner : Take Spanish white or 
pipe-clay which Ims l»een completely 
cleaned by washing, and, sifting it from 
all impurities, mix it up with boiled 
oil, to which a drying quality has been 
given by adding a dose of litharge, one 
quarter the weight of the oil. This 
mixture, being brought to the consist- 
ence of thin paste, is spread over the 
cloth or canvas by means of an iron 
spatula, equal in length to the breadth 
of the cloth. When the first coating 
is dry, a second is applied. The 
unevenness occasioned by the coaiTse- 
jgesB of the ^oth or the unequal appli- 
cation of the paste are smoothed down 
with pumice, reduced to powder, and 
rubb^ over the cloth with a bit of 
soft serge or cork dipped in water. 
When the last coating is dry, the cloth 
must be well washed in watw to clean 


it ; and after it is dried, a varnish 
composed of lac dissolved in linseed oil 
boil^ with turj)entine is applied to it, 
and the process is complete. The 
cedour of the varnished cloth thus pro- 
duced is yellow ; }»ut different tmts 
can be given to it in the manner already 
pointed out. An improved description 
of tliis article, intended for printed 
and figured varnished cloths, is ob- 
laineil by using a finer paste and cloth 
of a more delicate texture. 

(25) Varnished Silk . — This material 
is prepared much in the same manner 
as (21), but with a paste com])OBed of 
linseed oil knled with J part of litharge, 
16 parts dried and sifted pipe-clay, 8 of 
litharge very finely ground, dried and 
sifted, and 1 of lampblack. After 
washing the silk, fat copal varnish is 
applied instead of that used for oil- 
cloth. 

(26) Walx^rproojiwj Silk . — This may 
be done by applying a solution of 
jMiralfin in naphtha. 

(27) Linen . — A solution of alumina 
sulphate in ten times its weight of 
water, and a soap-bath of the follow- 
ing composition : 1 oz. light-coloured 
resin and 1 oz. crystallised soda are 
lH)iled in 10 oz. water until dissolved. 
The resin-soap is precipitated with | oz. 
table salt; and is subsequently dis- 
solved along with 1 oz. white curd soap 
in 30 oz. hot water. It should be put 
in wooden tubs for use. On made up 
articles the two solutions can be applied 
with a brush and then rinsed off. 

C28) Parone, of Turin, proposes the 
following method of rendermg textures 
waterproof. la 14 pints of water 
heated to about 180® F. (82® C.) dis- 
solve 10| lb. gelatine and 21 lb. castor- 
oil soap ; then add 10^ lb. lac, shaking 
the liquid till the lac is completely dis- 
solved. Take it off the fire, and add 
to the mixture in small quantities at a 
time 21 lb. powdered alum, shaki^ it 
till the alum is dissolved. The liquid 
thickens, formii^ on insoluble alumina 
soap which remams closely incorporated 
with the gelatine and lac. It is spread 
over the textures with a brush. 

(29) * Cooley gives the following 
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recipe for waterproofing, which ap- | 
pears to have the advantage of having | 
been tried vvith success : — “ A simple i 
method of relidering a cloth waterproof | 
without being airproof, is to spread it i 
on any smooth surface and to rub the ! 
wrong side with a lump of beeswax 
(perfectly pure and free from grea^) 
until it presents a slight, but even, 
white or greyish appearance ; a hot 
iron is then passed over it, and, the | 
cloth being brushed whilst warm, the 
process is complete. Wlien this ope- j 
ration has been skilfully performed a I 
candle may be blown out through the | 
cloth, if coarse, and yet a piece of the 
same placed across an inverted hat may 
have several glassfuls of water poured 
into the hollow formed by it, without 
any of the liiiuid passing through. 
Pr^ure or friction will alone make it 
do BO.” 

(30) Canvas. — The following is 
highly recommended as a cheap and 
simple process for coating canvas for 
waggon tops, tents, awnings, etc. It 
renders it impermeable to moisture, 
without making it stiff and likely to 
break. Soft soap is dissolved in hot 
water and a solution of iron sulpliate 
added. The sulphuric acid combines 
with the potash of the soap, and the 
iron oxide is precipitated with the fatty 
acid as insoluble iron soap. This is 
washed and dried and mixed with 
linseed oil. The soap prevents the oil 
from getting hard and cracking, and 
at the ame time water has no effect 
on it. 

(31) Waterproofing Oil. — Take 20 oz. 
lard oil, 10 oz. paraffin, 1 oz. beeswax; 
heat the oil over a slow fire, and when 
hot add the paraffin and wax ; allow 
the whole to remain over the fire until 
^ latter articles are melted, and add 
a few drops of sassafras oil or other 
essential oil to preserve it. 

(32) Saildoth Imperious to Water, 
Pliant and Durable. — Grind 6 lb. 

£(%hsh oohre with boiled oil, and add 
1 ll^lack paint, whicli mixture forms 
an ind^n^t biiwk ; 1 oz. yellow soap, 
dissolved heat in b pint water, is 
nnxed while hot with the paint.* 


compositioa is laid upon dry canvas as 
stiff as^can conveniently be done with 
the brush. Two days after, a, second 
coat of ochpre and black paint (without 
any soap) is laid on, and, allowing this 
coat time to dry, the canvas is finished 
with a coat of any desired colour. 
After three days it does not stick 
together when folded up. This is the 
formula used in the British Navy yards, 
and it has given excellent i^ulte. A 
portable boat may be*‘’made of canvas 
i^repared in this way, and stretched on 
a skeleton frame. 

(33) Wof)//en Clx^h. — i oz. pow- 
dered alum, oz. B<fgar of lead, 
dissolved in 3 gal. water, and stirred 
twice a day for two days. When perfect 
subsidence has tak6n place, pour off the 
clear liquid only, and add to it 2 dr, 
isinglass, previously dissolved in warm 
water, taking care to mix thoroughly. 
Steep the garments in tliis mixture for 
six hours, after which hang up to drain 
and dry. Wringing must bo avoided. 
This recipe is used by woollen-cloth 
waterproofers. 

(34) Dujardin’s process for all kinds 
of textiles is as follows. Place in a 
mortar 12 oz. alumina and potash sul- 
phate reduced to powder, and 12 oz. 
lead acetate ; bray till the mixture is 
quite deliquescent. Add 7 oz. pulver* 
ised potash bicarbonate, and 7 oz. soda 
sulpliate ; bray till completely com- 
bined. Pour in oz. c^cined mag- 
nesia, and continue braying while add- 
ing 8| pints water; Pour the whole 
into a bucket containing 11 gal., river 
or rain water, which must be fresh. 
Shake the whole until there is complete 
solution, which takes place in 20 
minutes. Pour the liquid thus ob- 
tained into a convenient receptacle 
holding about 22 gal., in which have 
been dissolved 5} lb. oleine soap in 11’ 
gal. rain or river water. Boil for abooi 
20 minutes. To render, a 

i wate^roof , it is then sufficient to pi# I 
in this liquid either by hand or xnaoli^^^ 
nery until it is perfectly impregnated''. 
! in all its parts. Care must be takaft 
I during the whole operatiou to stir ^ 

I mixture Vrell, that no deposit*may be 
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formed. The texture is tlign with- 
drawn, left to drip, and dried. Jt is 
afterwards wAhed in plenty of water, 
dried, and dressed as usual. ,Tn tliis 
condition the texture is waterproof, 
but penetrable by air, which is indis- 
pensable for healtb. Tliis process does 
not alter tints at all, but if the mate- 
rials have very delicate tints, it is ne- 
cessary to take account of the composi- 
tion of these colours, and compose the 
lath accordiifgly. tfl’he potash bicarlio- 
nate and soda sulphate must then be 
sometimes replaced by the same quan- 
tity of salts of iron, copper, zinc, lead, 
or some other n^tallic salt suitable for 
preserving colours. To prepare linen, 
leather, or wood, aild oz. margarine 
to the l)ath. When it is desired to 
prepare cotton or piper, it is well to 
add to the Ijath If oz. gelatine, and 
oz. light-coloured rosin. After tliat, 
dry in the ojjeii air or at the fire, and 
the products will be perfectly imperme- 
able, and resist every kind of washing. 
Paper paste may Ije even soaked in tke 
vat, and thus an im|)ermcable piper 
obtained, the above process replacing 
the sizing. 

Brickwork. — To exclude damp- 
ness, use the following ; f lb. mottled 
soap is dissolved in 1 gall, boiling water, j 
and the hot solution spread steadily 
with a flat Ijrush over the outer sur- 
face of the brickwork, care being taken 
that it does not lather ; this is allowed 


is first brushed over and into the sur- 
face of the concrete, and allowed to 
dry for 24 hours. At the end of 
that period a second wash, conBist- 
ing of 2 oz. of alum dissoSved in 1 gall, 
of water, is applied in the same manner. 
The alum solution should be at a tem- 
perature of from 60° to 70° F. The 
double operation is to be repeated as 
often as necessary or desirable, but 
four such coats are said to be imper- 
vious to a head of 45 ft. of water. 

In “ Handbook for Superintendents 
of Construction, etc.,'’ the following 
cement wash is recommended for mak- 
ing a water-tight lining for cisterns ; 
A stock solution is prepared of 1 lb. 

[ “ lye,” 5 lb. alum ^ssolved in 2 qt. 

I of water. One pint of this solution is 
I stirred into a pail of water containing 
I 10 lb. of cement, and the mixture is 
applied to the surface of the concrete 
with a brush. 

Another method is to apply a ren- 
dering comjwsed as follows : 

1. Portland cement 1 part, sand 1 
part. 

2. Portland cement 1 part, sand 2 
parts, lime paste § part. 

3. Portland cement 1 port, sand 3 
parts, lime paste 1 part. 

4. Portland cement 1 part, sand 6 
parts, lime {)aste U part. 

The surface of the rendering, com- 
pcMjed according to one of the above 
formulas, is brushed with a solution of 


to dry for 24 hours, when a solution, 
forfeit of I lb. alum dissolved in 2 
galls, water, is applied in a similar 
manner over the coating of soap. The 
soap and alum form an insoluble var- 
niidi, which the rain is unable to pene- 
trate, and this cause of dampuess is 
thus said to be effectually removed, 
llie operation should be performed in 
dry, settled weather. 

Another method is to use 8 parts 
linseed oil and 1 part sulphur, heated 
td|»ther to 2?8°, in an iron vessel. 

Buildings. — Composition of some 
^ihe Waterproofing Compomdsin Use. 
In the “Sylvester's process ” a hotsolu- 
tion of soap, prepared by dissolving f 
Ub, of Ca^^e soap in 1 gall, of water 


] 1 Ib. “concentrated lye,” 5 lb. alum, 
and 2 gall, water, in the proportion of 
1 pint of this solution to 5 lb. of 
cement. 

In princijde the above-named 
methods are alike, and all depend upon 
the precipitation within the surface 
pores of the concrete, or outer coat, of 
insoluble alum soap, or hydrate of 
alumina, or lx)th together. The last- 
named example, however, combines 
to some extent the method of pore- 
filling in bulk with sand and lime 
paste. 

In “ Plastering*, Plain and Decora- 
tive," Miller recommends painting the 
surface of the work with a hot mixture 
prepared^by mixing 20 lb. of chopped 
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Buet with 1 bushel of lime, and etirring j 
up with boiling water. * 

Professor Hatt states that with a 
mortar composed of 1 part of cement 
to parts of bituminous ash, w'hen 
alum and soap were mixed wfth the 
water used for gaging, the strength 
and hardness increased 50 per cent., 
and absorption decreased by the same 
amount. One half of the water used 
for gaging was a 5 per cent, solution of 
ground alum, and the other lialf was 
a 7 per cent, solution of soap. The 
alum solution was used first. 

Cunningham proceeds on similar 
lines. He uses powdered alum equal 
to 1 per cent, of the combined weight 
of sand aud cement. To the water 
used in the mix he adds 1 per cent, of 
yellow soap. 

Hawley employed a stock solution of 
2 lb. caustic potash, 5 lb. powdered 
alum, and 10 qt. water. A finishing 
coat was made with 3 qt. of this solu- 
tion in each batch of mortar contain- 
ing 2 bags of cement. The mortar 
was made with 2 volumes of sand to 
1 of cement, and the work covered to 
a depth of ^ in. 

Mi^h gives the following as a water- 
proof coat or rendering; 2 lb. soft 
soap, 12 lb. alum, 30 gall, water per 
cub. yd. of the mortar. Or, 2 lb. 
caustic potash, 5 lb. alum, 10 quarts 
watw. Of this solution 3| quarts are 
used for two bags of cement and twice 
its volume of sand. 

It will be observed that these pro- 
cesses again depend upon the precipita- 
tion of aluminium soap or hydrated 
oxide of aluminium, the only difference 
being that, in these cases, the precipi- 
tate is mixed with the mortar inst^ 
of being deposited at the surface of the 
hardened material. 

(3ames,in a paper recently published, 
states that watertight concrete can be 
made (1) by replacing the mixing 
water- with a dilute solution of a suit- 
able “electrolyte” (i,e., a 1 per cent, 
or ,2 per cent, aolution of alum) ; (2) \ 
by replacing 5 percent, to 10 percent. 1 
of the cement with dried aqd finely { 
ground colloidal clay ; (3) by combin- ‘ 


ing methods (1) and (2). With regard 
to the second of these*^ processes, the 
action appears to bo silnply, one of 
pore-filling with fine particles of clay, 
unwinuchas no “electrolyte” is used; 
and in the other cases it is probable 
that the same kind of action takes 
place by precipitation of alumina, from 
the “electrolytic” solution, by cal- 
cium hydroxide, whether the electro- 
lytic theory itself be correct or not. 

It may be remarkitid thal the use of 
^pulverised clay for this purpose is old. 

‘“Lux,” Patent No. 4606 of 1904. 
This material is prepared by pouring 
over 100 kilos, of cemttit clinker (un- 
ground) 10 litres of boiling water con- 
taining 2 15 grams of stearine, 12 grams 
of potash (presumably caustic potash, 
although it is not clearly stated), and 
10 grams of colophony (i.e., common 
resin). 

Gallagher’s Waterproof Compound. 
This material is to bead<led to cement 
in the proportion of 2 i)er cent, to 5 
per cent, on the weight of dry cement 
l)efore mixing wth the sand and water. 
Its composition lias been stateii to be 
cliiefly lime and magnesia, with about 
3 per cent, of stearine or other fatty 
acid. 

“ Pharos ” waterproofing compound 
is composed of the following : 


Lime Soap, 

Free fat (tallow or stearine) 
Combined fatty anhydrides 
Combined lime . . . 

Lime 

Magnesia 

Hygroscopic water .• . 
Combined water. . . 

Silica 

Alumina and ferric oxide 
Sulphuric anhydride, etc. 


Per cent. 
20-22 
14-66 
1-67 
30-45 
21-16 
3-32 
6-77 
1-17 
1-18 
0-62 

100-00 

Cold bituminous damppiwf mnti»^ 
such as Horn’s Dehydratine, TooVi 
R.I.W., Antihydrine, etc., for uie on 
the interior surfaces of exposed waHs 
or for exterior of foundations not sub* 
ject to water-pressure. These am 
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made up of specially selected asphalts 
dissojv^ in catbon bisulphide or*8ome 
kindred Jiydrocarbon, the proportions 
varying according to the usedbo which 
same is to be put. 

Paraffin, or other mineral substances, , 
dissolved in gasolene with the addition | 
of resin as a hardening agent, proper- j 
tions varying according to use. This j 
is employed for surface application to | 
walls, otc.^ th»d are to l)e rendered 1 
watertight. Tra^e names ; Dehydra- 
tine, Wakol, Anliydrol, etc. 

Hydratite, Medusa, Maumee, White- , 
liall, Toxement, etc., and similar 
powders in vejy finely divided state. . 
These are metallic stearates to wliich 
are added varying proportions of hy- , 
drated lime, alum and clay ; 2 per ' 
cent, of tlie compound is usually added i 
to one bag of cement before the addi- 1 
tion of water. 


Weed Killers. 

(1) 1 lb. white arsenic (t^e common 
commercial kind), ^ pint vitriol, 1 g^l. 
boiling water ; mix. Take one pint 
of above and mix it in U gal. of water, 
and apply with a water-can. Take 
care not to let any go (tn plants, lx)x- 
edging, etc., as it is as fatal to these as 
to weeds, !)(> not walk on the path 
while it is wet, and then walk on grass, 
or the grass will lie killed where the 
wet poison-laden boots press. The 
al)ove is a strong poison, therefore use 
care in keeping it, also in washing out 
the can after use. 

(2) Used by the authorities in Paris. 
Stone lime 10 lb., flour of sulphur 
1 1\>., water 5 gal. Boil in an iron 
vessel, allow it to settle, then, W'hen 
cold, use the clear p^. This is de- 
structive to box-edging, flowers and 
grass lawn, if it gets on them. 

(3) Arsenic alone, as (1), without 
vitriol, is a weed-killer. To prevent it 
being taken for water it can have soot 

! put in it, or a little carbolic acid, or 
creosote oil. Both the latter are weed 
killers. 

* (4) ^ pint sulphuric acid (vitriol) to 

six pails of water. Mix acid in slowly. 

(5) 1 part of weak ammoniacal liquor 
[ to five parts of water. 

I (6) Chloride of lime sprinkled on 
! the weeds. 
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Whitewashing and 
Distempering. 

Wliitewashixig and Lime- 
Whiting.— (1) This is most common- 
ly applied to ceilings and walls. If the ! 
ceiling is new, nothing further is re- { 
quired than a coat of good Paris white ^ 
(whiting of a superior kind), with just i 
sufficientglue size added to bind it, pro- i 
vided the tinishing plaster is of good^ 
workmanship ; but if inferior and very j 
porous, it will require a preparation of j 
strong size, soft soap, and a handful j 
of phwter of Paris. For old ceilings, j 
all the previous whiting, etc., must be I 
thoroughly washed off with an old i 
whitewash brush and hot water, and ' 
allowed to dry before re- whitening. ; 
When this is done, if the ceiling is i 
‘hot*’ — i.e., porous, aud soaks in the 
moisture very quickly — it must be pre- 
pared with a mixture of lime, one hAnd- 
ful ; whiting, the same ; glue, ^ lb. ; i 
soft soap, ^ lb. ; and if smoky or damp, 
about 2 oz. alum, to make a pail | full. 
When this is dry, it is ready for 
the finish. Use the preparation thin. 
To prepare whitewash properly, the 
whiting should be soaked overnight in 
plenty of water, thoroughly stirreil up 
to wash it, and allowed to settle till 
the morning, when all the water pos- 
sible should be drained off. The size 
should likewise be melted the night 
before use, so as to be jellied in the 
morning. It works better when cold. 
About i lb. size is reriuired to 1 gal. 
water, which, with the water taken up 
by the whiting, will make it ready for 
use. Before using, the size and whit- 
ing should be broken up separately 
ai^ strained through a fine sieve ; then 
mixed and strain^ again. !^fore 
jnittiz^ on the whiting, shut all doors 
Mid w^ows to exclude the draught, 
take a sweep right across the room, 
and continue till finished. If two are 
engaged at it, so much the better, as 
it requires 4)0 be done quickly ; be 
careful to cover well, or you will not 
make a nice job. When finit^ed, the 


doors and windows can be opened, as 
the sooner it dries after it is once on 
the more even and solid* it \jill look. 

For Mghitening and colouring walls, 
great care is required in preparing 
them ; all the old stuff must he cleared 
off, well rubbed down with dry lump 
pumice, all holes well and evenly 
stopped with plaster of Paris, and a 
preparation of strong size, whiting, 
aud alum, thickly laid«on, of the colour 
you are going to ^nish,* but a little 
darker in shade. Wlien this is well 
dsry, rub it well down to a good level 
and smooth face with lump pumice or 
coarse sandpaper. T^e finishing coat 
may be made in the same way as for 
the ceilings ; but if exposed to the 
liability of Iteing touch^ or rubbed 
against, a little more or stronger size 
is to be used ; and if in any way too 
damp, a little alum. To get any of the 
colours retjuired, it is merely necessa^ 
to get the dry powders and rub up 
with the whiting, prior to mixing with 
size, adding by degrees till the required 
depth of tone is arrived at. For the 
different shades of drab or stone-colour, 
yellow ochre, umber, black, and red 
are used. For shades of blue, from 
the French grey to sky blue, ultra- 
marine, etc. {^Paintiruj for the Mil- 
lion.’) 

(2) If glue is employed to^ve body, 
it is destroyed by the corrosive action 
of the lime, and in consequence the 
latter easily rubs off the walls when 
dry. This is the case also if the lime 
is employed, as is often absurdly re- 
commended, simply slaked in water, 
and used without any fixing material. 
Lime- wash is prepar^ by plying some 
freshly-burned quicklime in a pe^, and 
pouring on sufficient water to cover it ; 
boiled oil (linse^) should then be im- 
mediately added, in the proportion o| 
1 pint to 1 gal. of the wash* Fof 
coarser work, any common refuse M 
may be used instkd of t6e boiled cilii 
The whole should then be thinned 
water to the required consistency, aaur 
applied with a brush, dare shotwife 
t^en not tt) leave the Isnu^ in, the 
lune-wash for any length of time,, m It 
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destroys the bristles. Inlime'Washinp, j 
Bussia tallow is frequently u^ed m 
preference to any other fatty matters. 
(Tegetmeicr.) , 

(3) No brick wall that ever is in- 
tended to be painted should be white- 
washed. All washes absorb water, and 
in damp weather lose their colour. 
For one barrel of colour wash take J 
bushel white lime, 3 i^ecks hydraulic 
cement, 10 llj. umber, 10 lb. txjhre, 1 
lb. Venetian rad, J lb. lampblack. 
Slake riic lime, cut the kmpblack 
with vinegar, mix well together, «dd 
the cement, and fill the barrel with 
water. Let it stand for 12 hours be- 
fore using, aifd stir frequently while 
putting it on. Tins is not white, but 
of a light stone colour, without the 
unplejiaant glare of white. The colour 
may be changed by adding more or less 
of the colours named, or other colours. 
This wash covers well, needing only 
one ct)at. A rough board barn washed 
with this will look well for 5 years, 
and even longer, without renewing. 
The cement hardens, but on a rough 
surface will not scale. ( ‘ Sciont. Amer. ’) 

(4) A wash which can be applied to 
lime walls and afterwards become 
waterproof so as to liear washing, 
llesenschek, of Munich, mixes together 
the powder from 3 parts silicious rock 
(quartz), 3 parts broken marble and 
sandstone, 2 parts burned porcelain 
clay, with two parts freshly slaked 
lime, still warm. In this way a wash 
is made which forms a silicate if often 
wetted, and Ijecomes after a time al- i 
most like stone. The four constitu- 
ents mixed together give the ground 
colour to which any pigment t^t can 
be used with lime is added. It is ap- 
plied quite thickly to the wall or outer 
surface, letdry oneday, and thenextday 
frequently covered with water, which 
makes it waterproof. This wash can 
be cleansed with water, without losing 
any of it8*colour ; on the contrary, 
each tim^ it gets harder, so that it 
can even be brushed, while its porosity 
makes it look soft. The wash or cal- 
cimine can be used for ordinary pur- 
poses as well as for the finest paintu^. 


j A so-called fresco surface can be pre- 
pared with it in the dry way. 

(6) Well wash the ceiling by wetting » 
it twice with water, laying on as much 
as can well be float^ on, then rub the 
old colour up with a stumpy brush and 
wipe off with a large sponge. When 
this is done, stop all the cracks with 
whiting and plaster of Paris. When 
dry, ckircole with size and a little of 
the whitewash. If very much stained 
when thisis dry, paint those parts with 
turps, colour, and, if necessary, clair- 
cole again. To make the whitewash, 
take 12 lb. whiting (in large balls), 
break them up in a pail, and cover with 
water to soak. During this time melt 
over a slow fire 4 lb. common size, and 
at the same time, with a palette knife 
or small trowel, rub up fine about a 
dessert -spoonful of blue-black with 
water to a fine paste ; then pour the 
water offthe topof the whiting, and with 
a stick st'ir in the black ; when well 
mixed, stir in the melted size and 
strain. Wljen cold it is fit for use. If 
the jelly is too stiff for use, beat it well 
up and add a little cold water. Com- 
mence whitewashing over the window, 
and BO work from the light ; lay off 
the work into that done, and not all 
in one direction, as in painting. Dis- 
temper colour of any tint may be made 
by using any other colour instead of 
the blue-black — as ochre, chrome, 
Dutch pink, raw sienna for yellows 
and buff ; Venetian red, burnt sienna, 
Indian red, or purple-brown for reds ; 

I celestial blue, ultramarine, indigo, for 
blues ; re<l and blue for purple, grey, 
or lavender ; red-lead and chrome for 
orange ; Brunswick green for greens. 
(Smither.) 

(6) ^'doz. balls of whiting, 2 lb. size, 
and 1 oz. celestial or ultramarine blue ; 
this will cover about 12 sq. yd. Mix- 
ing ; Take the whiting and break up 
in just enough ‘water that you can 
work it about in a bucket with a stout 
stick. Next take a saucepan, about 
3 qt., and put K pint of water in and 
boil ; take off the fire, and drop your 
size into it, and let it stand upon the 
hob UbtU melted. When tolerably 
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warm, pour into your whiting, being 
caureful to keep stirring it. up 
your blue with a flat stick upon a slate 
or board, and add until it bwomes of 
the shade required. 

Lime that will produce a fast lime- 
wash is burnt in the bottom of brick 
kilns, the bricks upon the top, and 
fired with heath, fir loppings, coal, 
wood, ferns, and gorse. The sand 
from the bricks, the chalk, and the 
potash from the wood combined, 
cover the chalk or lime with a sili- 
cate soluble in water. To use this, 
get it fresh burnt, break it up, and 
pour boiling water upon it ; it sub- 
sides into a beautiful cream-like con- 
sistence. This, owing to the soluble 
silicate in it, must be made and used 
fresh. It is fast, and frequently pre- 
vents a glazed surface, and, if not put 
on too tWck, is very durable. A peck 
of lime will do about 20 sq. yd. 

(7) Lime is always apt to turn a bad 
colour. The way to whitevmh a ceil- ; 
ing is to first thoroughly wash with I 
clean water — notone pml, which speed- 
ily gets dirty, but with several. Then 
s^p balls of whiting in water, and 
the next day reduce them to a thick 
cream. Put a kettle on the fire, with 
sufficient size, and when hot pour it on 
the whiting, adding at the same time 
some finely-ground blue-black. The 
proportions are, say, 6 balls whiting, 

2 lb. size, and ^ to 1 oz. of blue-black, 
according to taste. The mixture must 
be allowed to cool before using. To 
limevmh, clean first, and then proceed 
to make up the following : Take bushel 
lime, and slake it ; add 1 lb. common 
salt, 1 lb. white vitriol, and 1 gal. 
skim milk. With a clean surface this 
will not shell off, neither will limewash 
and size, when properly prepared and 
laid on a clean surface. 

(8) Recommended by the United 
StatM Treasury Department to all the 
lighthouse keepers ; it answers for 
wood, brick, or stone ; Slake about ^ 
btuhelunslaked lime with boiling water, 
keeping it covered during the process. 
Strain it, and add 1 peck salt dissolved 
in warm water, 3 lb. ground rice put 


in boilings water and boiled to a thin 
past^ ^ lb. powdered Spanish whiting, 
and 1 lb. clear glue dissolved in warm 
water; ipix these well toge^er, and 
let the mixture stand for several days. 
Keep the wash thus prepared in a 
kettle or portable furnace, and when 
used put it on as hot as possible with 
either painters’ or whitewash brushes. 

(9) Having prepared the ceilings, 
scraped them, washed them, or re- 
moved the blisters aVl inec^ualities, use 
^kny of the following, according to the 
kind of job operated on ; (a) Well- 
selected pieces of quicklime, fiw from 
the appearance of iron (a-^oid red streak- 
ed) ; slake with water \ when all have 
fallen to powder, mix to proper con- 
sistency, and apply with a stock brush, 
about 6 in. bro^ ; tliis is suitable for 
common purposes, (h) Common whit- 
ing, washed whiting, Paris whiting (or 
gilders’ white), mixed with water and 
a little size (strong glue boiled down); 
these are suitable for all parts of a 
house, from the kitchen to the drawing 
room, (c) For a superior job, emd 
where there is much gas burnt, use 
white oxide of zinc in water, and a 
little size ; this will keep beautifully 
white a very long time, but is dear. 

In some cases it is desirable to first 
paper the ceiling with ceiling-paper 
before wliitewashing. Considerable 
practice is necessary to lay on the wash 
quite even. Be careful not to leave 
clouds or tails where the brush leaves 
the surface after the stroke, and above ^ 
all see that the ceiling is not dusty. 
(Kemp.) 

Distemperinp;.— There are com- 
paratively few pamters who are thor- 
ough masters of the apparently simple 
process of distempering. It depends 
upon BO many conditions that it is 
often very difficult indeed for the most 
experienced workman either to satisfy 
himself or his employers. And when 
failure does result, it is no\^ always that ^ 
the cause can be readily defined and a 
remedy applied. Tine may be, and ’ 
probably is, due in a great measura to 
a want of chemical knowledge, by whi(ffi 
alone the “why” and the “ whsielore ” 
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are elucidated. But whatever may be tion when distempering, and for this 
the cause, cer^^in it is that painting in purpose various preparations are used, 
distemper coiours is not always 'satis- The following lias been recommended ^ 
factory. • But when skilfully executed, as a suitable preparatory coat, and will 
distemper work is much lij^ter and be found to answer the purpose very 
purer in tone than painting in oil effectually Mix abouta dozen pounds 
colours. The whiteness, for instance, of the best whiting with water to the 
of distemper work is purer than the consistency of soft paste ; add sufficient 
whiteness of oil colour, and any tint parchment or other size to bind the 
that the distemiier may l)e m^e to colour fast ; add about 2 oz. of alum, 
partake of, will, accortlingly, as com- and the same weight of soft soap dis- 
pareu with •the qprresjKinding tint in solved in water ; mix well together in 
oil, be purer also. It will, however, a pail and strain through a coarse cloth 
l>e obvious that distempering, wh§,t- or metal strainer." Of course, some- 
ever may be its advantages in this re- what similar proportions will answer 
sjject, is not suitable for use on interior for any quantity. Tlie colour should 
walls which at% liable to suffer from now be tried on paper, and dried before 
contact, or w Inch are subject to rough a fire or otherwise, in order to test 
usage. In these cases flatting is whether sufficient size has been used to 
absolutely essential, unless, indeed, “ bind ” the colour, and to prove that 
the more pi-evalent practice of cover- the tint is exactly wliat is required, 
ing the walls with jjaperhirngings is The finishing coat can be laid on with- 
adopted . out disturbing the first one. The alum 

It lias been truthfully observed by a and soft soap contribute to this effect 
WTit/er on this subject tliat the pre- in a great degree, and help to form a 
paration of ceilings and walls for the semi-imi^rvious coating upon which 
finishing of distemper is of vibd irn- the finishing coat will work cool and 
portiince to the ultimate result, inas- without suction. Caution must be 
much as if they are not profKjrly pre- observed not to have the size too strong, 
pared they will rarely turn out well at or it will lie very liable to chip, especi- 
the finish. The first thing is to stop ally in rooms where much gas is used, 
the suction, for except the finishing We quote the following from the pen 
colour lays on cool, and without any or of “ An Exjierienced Workman,” and 
very little suction, the work is apt to have to observe that the directions 
be more or less rough, and will gather given are thoroughly trustworthy : 
or accumulate more colour in one part “ In order to produce good work, two 
than in another, and conseciueutly will things are necessary in the mixing of 
look shady. And here we may note a distemper — namely, clean and well 
fact which shows the necessity for the washed whiting and pure jellied size, 
use of a preparation. It will almost The whiting should be put to soak with 
invariably be found tliat one part of a sufficient soft water to cover it well 
wall or ceiling will have a greater power and penetrate its bulk. When the 
of absorbing colours than another part, whitingis sufficiently so^ed, the water 
It will be observed, as with a first coat should be poured off, which will remove 
of paint, that some parts are glossy any dust or foreign matter from, the 
and others dry dead — tliat is, the paint wluting. It should then be beaten up 
has sunk into or been absorbed on the or stirred until all the lumps are 
dead parts, while on the glossy part it broken, and it bqpomesastiff, smooth, 
remained on the surface, oiying to the paste. A good workman will do this 
unequal finish of the plaster work. Of carefully with his hand, and will mani- 
course, in oil painting this is remedied pulate it until it is quite smooth, but 
by successive coats of paint. It there- it may be done most effectually with a 
fore oecom^ necessary that means be br(»d8tickor8patula,and then stuped 
adopted to stop this power of absorp- through a metal or other strainer. 

4 2 L 
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The size should now be added, and the 
two lightly but effectually mixed to- 
gether. Care should be taken not to 
break the jelly of the size any more 
than can be avoided, and this may be 
best done by gently stirring the mix- 
ture with the hand. If the jellied 
state is i:etained intact, the colour will 
work cool and lay on smooth and level. 
Then size, whether made of parchment 
chippings, glue or any other material, 
should be dissolved in sufficient quan- 
tity of water to form a weak jelly when ' 
cold. In practice, we find that dis- 
temper mixed with jellied size will lay 
on better and make a l)etter job than 
when the size is used hot. Colour 
mixe<l on the former plan works cool 
and floats nicely, while the latter works 
diy and drags and gathers, thus mak- 
ing a rough ceiling or wall, and the 
difference in the lalwur required is very 
much in favour of the jellied size. A 
little alum added to the distemper has 
a good effect in hardening, and helps it 
to dry out solid and even.” 

It is customary in some cases to give 
the ceiling or wall a couple of coate of 
oil paint previous to the application of 
the distemper. This stops the suction 
and gives a richness to the colouring ; 
but if, as frequently happens, the wall 
gets low in temperature during a con- 
tinuance of cold weather, when a 
change takes place the condensation is 
so great that the water runs down in 
streams to the top of the skirting, and 
the colouring matter thereby becomes 
stained. 


it through a coarse cloth. If the size 
is te be kept a length of time, dissolve 
3 or 4 oz. of alum in ‘boiling water 
and add to every pailful. * The size 
must be boiled again till it becomes 
very strong. It must then.be strained 
a second time, put into a cool place, 
and it will keep for several weeks. 
Different kinds of size are sold at the 
colour shops, some of which are ex- 
ceedingly pure and n?ay be depended 
upon for general phrposeA 

Pink . — Dissolve in water separately 
whiting and rose pink. Mix them to 

I the tint required, strain the colour 
through a strainer, and bind with size. 

1 Lilw . — Take a small quantity of 
indigo, finely ground in water, and 
mix it with whiting till it produces a 
dark grey ; then add to the mixture 
some rose pink. Well mix and strain 
the colour, and a beautiful lilac will 
result. 

I Light Grey.—h. small quantity of 
lampblack mixed with whiting com- 
poses a grey. A wide range of sliades 
may be obtained, from the darkest to 
the lightest grey. 

French Grey . — Take the quantity 
of whiting required and soak it in 
water, then add Prussian blue and lake 
wliichhave been finely ground in water. 
The quantity of each of those colours 
should, of course, be proportioned to 
the warmth of the tint required. This 
is a handsome and delicate colour for 
walls. Rose pink may be substituted 
for the lake, but it does not make so 
brilliant a colour — neither is it so per- 


The following hints for mixing vari- 
ous colours in distemper, etc. , by which, 
at least, a theoretical knowledge of the 
subject can be acquired, will greatly 
facilitate prc^ess in mastering the 
practical details. 

The best size for distemper colours 
is made from parchment clippings. 
These are put in ai» iron kettle filled 
with water, and are allowed to stand 
^4 hours, until the pieces are 
thorougidy soaked ;• then boil for 5 
hdurs, occawohally taking off the 
scum. the liquid is sufficiently 

bpUed, take it from the fire and strain 


manent. 


Orwnge . — This is a mixture of whi- 
ting, Dutch pink and orange leads. 
These ingredients may be proportioned 
according to taste. This colour cannot 
be work^ except in a size jelly, as the 
orange lead is a colour which has great 
density, and will sink to the bottom^ 
separating from the other colours. 


Buff . — A good buff may be produoa^- 


by dissolving separately whiting anf 
yellow ochre in water. A little 
Venetian red should be added to 
a warm cast. Mix with size, and sttMIl 


as before directed. 
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— (!)• Dissolve whiting in 
water, aiul j^iiid some burnt umber 
very fin^ in water. Mix to^the tint 
required. Ihiw umber will make a 
drab of a ditiereiit shade. (*2) Dissolve 
separately some whiting and yellow 
ochre in w^ater. Take a quantity of 
each and mix them together. Grind 
a little lampblack very fine, and with 
it sufficiently sfain the colour to make 
the tint re(/hired V (:j) Another shiwle 
may be •obtained by adding a little 
Venetian red. By diversifying the 
propoi'tions of these pigments a grejit 
variety of colours may be pro«luced. 
These are all jfermanent colours, and 
may be depemled u|)on. 

Sid nmi . — An e xcell en t sjd mon colour 
may be made by dissolving whiting in 
w'ater, and tingeing it with the best 
English Venetian red. A little Vene- 
tian red mixed with lime whitewash 
and a (juantity of alum, will answer 
very well fur common j)urpo8ea. 

Idiyinij on Diatanpir Colours . — 
With regard to this, it may be ac- 
cepted as a fact that the sooner they 
dry after they are laid on the better. 
The l>est plan is to close the wimlows 
and doors and stop the free circulation 
of the air as much as jKJSsible while the 
distemper colour is being laid on. 
This prevents it drying too (juickly, 
and enables the w^orkman to lay the 
colour on more evenly and with less 
danger of showing any piecings ; but 
the moment the wall or ceiling is 
covered, the windows and doors should 
be throw'n wide open and as much fresh 
air admitted as jwssible. Tliis free 
circulation of air absorbs and carries 
off the moisture from the walls. The 
evaporation is quick, and a good job 
results. If the distemper does not dry 
quickly it becomes slightly discoloured 
and shwled. One great point to be 
aimed at is, of course, a level and uni- 
form surface Vhen dry, and this desir- 
able result can only be obtained by the 
colour being laid on of a proper consist- 
ency, and with every attention to 
quality. , i 

To whiten walls, scrape off all the 
old whitewash, and wash the walls 


with a solution of 2 oz. of white vitriol 
to 4 gal. of water. Soak \ lb. of * 
white glue in water for 12 Irours, strain 
and place in a tin jiail ; cover with 
fresh water, and set the j)ail in a kettle 
of boiling water. When melted, stir 
in the glue, 8 lb. of whiting, and water 
enough to make it as thick as common 
whi tewash. A pply evenly with a good 
brush. If the walls are very yellow, 
blue the water slightly by squeezing 
in it a flannel blue-bag. 

Soft and pleasing ornament may be 
executed upon distemper grounds by 
using such transparent water pigments 
as the siennas, indigo blue, umber, 
Italian and rose pink, in the form of 
wa.she.s t)r glazes. Beat up the white of 
an e{i^ and dilute with an ecjual (juan- 
tity of water ; this will make an excel- 
lent medium for any water pigment. 
After the design is stencilled make 
a dark brown outline colour, from Van- 
dyke browm afid mfulder lake, for 
instaiKse, using the egg vehicle still, 
and w ith this pencil up the ornament 
or outline it as may be necessary. 

For wall i>olours, greys, greenish 
grey, or deep reds are suitable. Mr. 
W. Morris, in a list of wall colours, 
recomiuendod a solid red, not very deep, 
but rather describable as a full pink, 
and toned with yellow and blue ; a 
light orange pink to be used sparingly ; 
a pile golden tint (yellowish brown), 
a very difficult colour to hit ; a pale 
copper colour between these two ; tints 
of green, from pure and pale to deepish 
and grey, always remembering that 
the purer the paler, and the deeper 
the greyer. These are all tried and 
artistic colours. Perhaps a terra-cotta 
red or pink is one of the most useful 
colours for halls and the dados of 
dining-rooms and staircases, where 
there is plenty of light. Tints of 
grey, from bluish* to greenish tones, 
are suitable, and a salmon colour is 
effective in a room full of cold light. 

(‘ Master Painter*’) 

When ceilings are badly stained and 
discoloured from the accidental over- 
flow of cifttems, water closets, etc. , the 
I only effectual way of treating them is 
2 L 2 
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to wash them off with clean water and 
t give two cojits of oil paint Iwfore the 
distemper, is applied. Other processes 
are adopted, but as they cannot be 
depended upon, it is much better in 
the first instance to incur a little extra 
expense and paint the discoloured ceil- 
ing in oil colours. (‘ The Western 
Painter. ’) 

Stained ceilings, caused by water 
having soaked through them, may be 
remedied by a simple plan. Take un-%j 
slaked white lime, dilute with alcohol, 
and paint the spots with it. When 
the spots are dry, which will be soon, 
as Uie alcohol evaporates and the lime 
forms a sort of insulating layer, one 
can proceed painting with size colour, 
and the spots will not show through 
again. 

Glycerine in distemper colours fits 
them for working on metal. A little 
glycerine added to distemper will re- 
tard its drying, and ttis is very useful 
in hot weather. Before attempting to 
apply distemper colours, the ground 
upon which you are to work should be 
perfectly clean. Colours for tinting 
should be put on warm : 1 oz. of glue 
and } lb. of dry colour give a mixture 
that will hold well. 

Distemper painting when dry always I 
comes out much lighter tlian when fir.st I 
applied. This fact must be borne in 
mind when one is matching colours. 

When it is desired to match the 
colours of wall-paper in distemper 
colours, in order to get a perfect match 
it is well to wet the {»per and to match 
it while in that condition. Of course, 
both paper and colour will lighten up 
cdnsiderably on drying. 

Gloss in white ceilings should be 
avoided. It can be obtained by using 
an excess of size, but the wash so pre- 
paredis very liable to crack and peel off. 

Many new ceilings are whitened 
before they are dry, with the result 
t}iat they have a smeary appearance 
^en Imuhed. If « there is any sign 
of moisture on a ceiling, it is not in a 
proper condition to be whitened. We 
Iiave seen a good mottled effect pro- 
^ duced on a frieze, to which had l^n 


given a llbdy of rich yeljpw, gold bronze, 
witH decoration in water-colour of 
mingled purples put on witk a coarse 
sponge folletl over the surface. 

Among the colours upon which lime 
has no bad effect, and which may there- 
fore be employed with safety for water- 
coloured ceilings, walls, etc., are 
siennas and umbers, Vandyke "brown, 
ivory black, Naples yellow, French 
ultramarine, and miinese vermilion. 

For church walls a rough floated 
Sjirface is best for distemper. Stip- 
pling the wall surface is a method. 
sometimes usetl for fine work, by 
treating the walls with the butt of the 
bristles. A solid effect is obtained by 
the process if a .full coat of colour is 
given first. 

Kalsomiiiing a white wall is one 
thing, and tinting a wall is quite an- 
other. One may patch up the defects 
in the wall as he goes along with plaster 
of Paris or thick kalsomine, in the first 
instance, but in tinting in colours the 
wall must be prepared and thoroughly 
dry before tinting is applied. 

When hard-finished walls have been 
kalsomined, the soiled coats should be 
washed or scraped off before a new one 
is put on. This is the most disagree- 
able part of the process. The furni- 
ture should be covered, as the lime 
makes spots that are removed with 
difficulty, especially on black walnut. 

When a ceiling is simply tinted, the 
tint should be one that softens into 
the wall-paper or wall colour — ^not one 
that contrasts. Thus, if the tone' of 
the room is that of a soft grey-blue, 
the ceiling should be of a clear flesh 
pink ; or should a grey -green be picked 
out with black — a lemon colour will be 
appropriate for the ceiling. 

A distemper medium, described hf 
Le Coudron, consists of soft 
57 oz. ; mucilage, 1 gal. ; oil t>l 
bane, ^ pint ; salicylic aeid, 8 oz. { 

I cerine, 3 pints ; water, 1 to 2 
mixed cold and allowed to stand 
days, then run through mill. 
colours— -about lb. to the|ant**iM» 

ladded at will and inoomorated hg 
regjfinding. 
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A patch or hole, freshly filled and 
tinted, will a^\<fay8 cOme out a brighter 
shade thjn the balance of the wall. 
If you colour your filling mafiter with 
the same stufi* you are tinting with, it 
will turn out darker. A patch put on 
with more lime than is contained in 
the balance of the wall will turn out 
darke?. It is advisable to size the 
first with vinegar, tlie latter with glue. 
Black, grea^, or smoked walls should 
Ijc cleaned with a'^still* brush and sized 
with an* alkali like pearline. Sal- 
soda is too severe on a brush. * 
Distemper (Water Colour) 
Paints, or ^Colour Washes.— 
The basis of ^8tem|)er paints is well 
washed whiting and suitably prepared 
size, as is descrilxjd later. The follow- 
ing are colouring mixtures only. 

Prewh Orey . — Use a little Prussian 
blue for a blue tint, or a little lake for 
a warm tint, or the tw(» may be used 
together. 

Liyht Orqi.—k small quantity of 
lampblack and Prussian blue. 

Liiac. — Indigo, finely ground in 
water. Add this to the whiting until 
it is a dark grey, then add sufficient 
rose pink. 

Pink . — Rose pink. 

(SWwion.— Venetian red (ground in 
water). 

Terra-Cotta . — Venetian red and a 
little ochre. 

-S'fmjo. -r- Chrome yellow or Dutch 
pink. 

J5w/.— French yellow and Venetian 
red. 

Orawfe . — Green copperas dissolved 
in hot water. 

Primrose. — Lemon chrome or 
chrome yellow. 

Orecn . — Green verditer and mineral 
green. 

, Cherry-wood. —Burnt siennaand raw 
sienna. 

Brkk Re ^. — Venetian red and yel- 
low ochre. 

Washable Distempers.— Fob 

IjiTpiOR USK.— (1) So lb. plaster of 
Paris, J lb. dextrin, 2 lb. casein, 
2|f[lb. gum arabic, \ lb. borax. Dis- 
sol?e the casein, dextrin and gum in 


boiling water, and add the borax. 
This should be allowed to stand a day 
or two, when it will appear like a thick* 
size. It is now a stock material imdy 
for use, andean have keeping qualities 
given it by adding, with the borax, an 
ounce of carbolic acid. When required 
for use take a suitable quantity, add 
plaster of Paris and boiling water to 
the suitable consistency. Colouring 
matter may l)e added as reejuired. 

(2) 6 lb. plaster of Paris, 2 lb. 
slaked lime, 1 lb. zinc-wliite, ^ lb. pale 
glue size, J lb. gmu arabic, J lb. alum, 

I lb. l)orax. One pint of iKtiling water 
to each pound of dry sifted mixed ma- 
terial. When cool add cold water as 
required. The zinc-white is wliat may 
be termed the colouring material, and 
may Ije replaced with any other colour- 
ing ingredient that will withstand lime. 
These are Venetian red, Indian red, 
red oxide, madder, burnt sienna, ver- 
milion, yellow ochre, zinc clirome 
yellow, ultramarine, lime blue, emerald, 
lime green, raw uml)er, burnt umber, 
Vandyke brown. 

(3) .*) lb. whiting, 5 lb. wliite china 
clay, \ lb. cjisein, 10 lb. silicate of 
soda. Mix with water. 

Dry Wasikahle Distemper. — (1) 20 
lb. Paris white, 6 lb, plaster of Paris, 
6 lb. zinc-white, 6 oz. borax, 3 oz. alum, 
IJ lb. palest dextrin, \ lb, gum arabic. 
Powder and sift the gum, alum and 
Paris white, then mix the whole and 
sift finely. Tliis can be stocked in 
powdered form and any dry colour 
added (see preceding recipe) as re- 
quired. For use add 1 pint o]E boiling 
water to 1 lb. of powder. When dis- 
solved and cool aild more cold water 
as required. For brown or dark tinted 
distempera the dextrin need not be of 
the pale quality, which is dearer than 
the brown. 

(2) 28 lb. of whiting, 28 lb. of 
Paris white, 28 H). slak^ lime, 4 lb. 
casein, 4 lb. glue, 5 lb. alum, 8 lb. 
silicate of soda. Tint as ab^y de- 
scribed. Mix vrith water. * 

For Exterior Use.— <1) IJ cwt. 
plaster of Paris, 10 lb. casein, 21b. dex- 
trin, 8 !b. gum arabic, 2 lb. silicate of 
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soda, 7 lb. slaked lime, 2 lb. Wax, 2 oz. 
carbolic acid. Disaol ve the gum, casein 
and dextrin in boiling water, add the 
borax and carbolic acid ; then, when 
required for use, add the plaster of 
Paris and cold water, and anycolouring 
ingredient required. 

(2) 40 lb. lime slaked to a crejwn 
and strained, 25 lb. wliiting, 2 gal. 
linseed-oil, 2 lb. alum, 8 lb. glue dis- 
solved to a size. Mix with water. 

(3) 40 lb. lime slaked to a cream, 
20 lb. whiting, 20 lb. Paris white, 

2 gal. linseed-oil, 4 gal, skimmed or 
separated milk, 2 lb. alum, 8 lb. glue 
dissolved to a size. T^nt as required, 
as already explained. 

(4) Put in a tub or barrel 1 bushel 
of quicklime and slake by pouring 
boiling water over it and retlucing it 
to a cream by stirring. Afterwards 
add 4 lb. sulphate of zinc, 2 lb. common 
salt previously dissolved in water, and 
2 lb. powdered alum. 

Limewash. For Ceilmfs . — 
About 7 lb. of best whiting should 
be broken small and be allowed to 
stand in a clean pail, covered with 
water, for ^ hour. Prepare a pint of 
starch (as used for linen), also lialf a 
cupof dissolved soft soap (about 1 oz.), 
and mix with the starch. Add this 
and water to the whiting to make all 
of the consistency of cream, and then 
add just sufficient blue to give a bright- 
ness to the white. Strain and let 
stand for 6 or 8 hours. See that 
the ceiling is quite clean and use 
good brushes. 

For Cmrmon Use. — Slake quicklime 
and stir to a cream. Dissolve alum j 
in boiling water and add to the lime. | 
About 1 lb. of alum is required to a i 
large pailful of lime cream. Two thin ! 
coats make a very lasting surface. . 

Good Limewash. — 1 bushel fresh 
quicklime. Slake with boiling water, 
putting a sack over lAie tub to retain 
the steam. Dissolve 14 lb. common 
salt in water ; boil 14 lb. rice to a 
paste and(%tir these in*as hot as possi- 
ble. Add 1 lb. Spanish whiting in 
powder and 2 lb. glue dissolved to a 
size. Add more' tailing water as re- 


quired. JThis should bo strained and 
allowed to stand a day*or two. It is 
then best applied hot. * ^ 

/TaZsowjmf.— Prepare the * wall by 
going over it with a mixture of 2 lb, 
of liard soap, 4 lb. powdered alum and 
2 lb. glue dissolved in a gallon of boil- 
ing water, (The glue should be pre- 
viously well soaked.) To this may be 
added cold water to thin it if required. 
Make the kalsomine by/lissolving ^ lb. 
jMile glue ill lx)iling**vaterj 1 lb. pow- 
>lered alum and 12 lb. Paris white, 
inked with water to a good paste. 
Mix tiicse and try a small portion to 
see if it binds properl;;^ ; if not, add 
more glue. If tints are reejuired, add 
distemper colours to the Paris white. 
Thin to required Consistency with cold 
water. 

BrUJmnt Stucco Whiteicash for Out- 
side Work, Wood,, Brick, or Stucco . — 
Take 1 bushel of quicklime and slake 
it with boiling water, covering it during 
the process. Strain the liquor through 
fine sieve or strainer, and add to it 
J bushel clean salt dissolved in warm 
water, 6 lb. ground rice, ground well 
to a thin paste, stirred boiling hot, 1 lb. 
powdered Spanish whiting, and 2 lb. 
clean glue, dissolved in hot water. 
Add 10 gal. hot water to the whole 
mixture ; stir up well, and let it stand 
a few days, covered from dirt. It 
should be put on quite hot ; for this 
puqx)se it may be kept in a kettle, on 
a portable furnace. About 1 pint will 
cover 1 sq. yd. 

Lime Paint8.--<a) For deal floors, 
wockI, stone, and brick work. Dissolve 
15 dr. good glue by boiling with thick- 
ish milk of lime which contains 1 lb. 
caustic lime. Then add linseed-oil, 
just sufficient to form a soap with the 
lime. This mixture can be used fof 
making up any colour which is not 
altered by lime. A solution of shdlao 
in borax am l)e added for brown-red 
or brown-yellow colours, and is very^ 
; suitable in painting deal floors. With- 
I a coating of varriish or lake, the sub-/ 
j sbwices thus painted assume a fine 
[ lustre. They can be polished with 
' linseed-oil or turpentine. 
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(6) A lime paint which will bear 
washing. 3 p^iis flint, 8 marble frag* 
ments and^ndstone, 2 calcined white 
china-clay, and 2 slaked lime^ all in 
powder, furnish a paint to which 
chosen colours, that may be employed 
with lime, are added. This paint, by 
repeated applications, becomes as hard 
as stone, witlioui losing porosity. 

Silicated . — 'When the surface to be 
painted is of |, mlnojpal nature, such as 
the exterior of a libuse, the pigments 
may be mixed with a vehicle consist- 
ing chiefly of water-glass, or sodd 
or potash silicate. This methcKl of 
painting require^ some care, and a 
knowledge of the chemical nature of 
the pigments used. Some colours are 
completely destroyed by the alkali 
contjiiincd in the water-glass. Among 
those pigments which are not altered by 
the alkali may be mentioned lime car- 
bonate, l>ary til- white, zinc-wliite, cad- 
mium-yellow, Naples-yellow, baryta 
chromate, chrome-red, red ultramarine, 
blue ultramarine, cobalt-blue, colalt- 
green, chrome - green, ivory - black. 
When a wall is to be painted, it should 
first 1)6 firepared with a mortar com- 
posed of pure fat lime and clean sharp 
sand. The water used should also Ijc 
free from saline impurities, as these 
might Hubseijuently effloresce and de- 
stroy the surface of the pajnt. • When 
the surface of tliis plaster is dry, a 
weak solution of water-glass should be 
applied, and the oj)eration repeated 
several times. A strong solution can- 
not be used, because it forms a thin 
skin on the surface of the plaster, 
which closes the pores, and prevents 
the penetration of the ivater-glass. 
The pigments are rubbed down with a 
very weak solution of water-glass, and 
applied in the ordinary manner. When 
thoroughly dry, the painted surface is 
treated with a warm solution of potash 
silicate applie<i hi the form of a spray. 
Soda silicate may also be used, but the 
soda carbonate which is then formed 
is .liable to cause efflorescence. A pig- 
ment fixed on the surface of a wall 
in this manner is as durable as the 
wall itself, and con be exposed to the 


weather without any fear of deteriora- 
tion. 

Steatite Paint . — IntheUnited States 
this is made from a native’ hydrated 
magnesia silicate, and is applied to 
ships’ Ixittoms, to ivalls for preventing 
dampness, and to roofs for making 
them fireproof, 

Whiting. — Spanish white and 
Paris white are practically the same 
article indifferent degrees of fi nencss, all 
Ijcing sinqdy chalk, ground, elutriated, 
billi^, and dried. Grinding mills break 
up the clialk and mix it with water, 
which is constantly flowing in. On 
leaving the mills the mixture passes 
along a series of wooden troughs, where 
the sjind, which has a greater specific 
gravity than the chalk, is deposited, 
the chalk passing on into the settling- 
pits. On being taken from the pits, 
the whiting is partially dried on a floor 
under wliich hot flues run ; then cut 
up into large rough lumps, and placed 
in racks on cars which run round on 
tramways into an immense oven. The 
heat from the flues in this oven is 
greatly increased by an air-blast, which 
also carries off the moist exhalations 
from the drying whiting ; 12 hours on 
the heated floor ami 12 in the oven 
thoroughly dries the whiting, and it is 
ready for i)acking or the putty factory. 
Paris white of fine quality is used for 
finishing inside w^ls, adulterating 
paints, making paper heavier and 
whiter, etc. For tliis purpose, what 
is called cliff stone, a better and harder 
quality of chalk, is used. Paris white 
is made much on the same principle as 
whiting, only more carefully washed 
and more slowly dried. 

Spanish Vhiite. —After pickii^ 
out the coarser impurities, the chalk is 
ground in a mill and formed into rolls, 
in wliich shape it is found in the trade. 
For painting purposes, it is still further 
purifie<l by stirring in clear water, 
blowing it to settle, and decanting the 
firet water, wliich is generallyjrellow 
and dirty. The washing is repeated, 
and the chalk is floated out into another 
vessel, after passing through a silken 
sieve, .^tter settling the water is 
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decanted, and the pasty white residue 
is formed into cylindri^ rolls, 3 to 4 
in. long, and to 2 in. diameter. 
These are allowed to harden and dry 
in the air, and are then ready for 
painting, ' whitewashing ceilings, and 
for distemper painting with size. 

Brushes . — Distemper brushes are 
made with the same class of bristle as 
painting-brushes and dusters. In the 
former, however, the bristles are 6 in. 
long, except in the two largest sizes, 
where they are 6^ in. long. Distemper 
brushes usually consist of grey mid- 
dles and white outsides, though they 
are occasionally made of all black 
bristles ; they may be usefl for dis- 
tempering and whitewashing, but they 
must not be put into limewash of any 
kind. Distemper brushes are, as a 
rule, made by tying two knots of 
bristles on a wooden handle with cop- 
per wire, the bristles being arranged like 
painters' brushes ; the same brush un- 
ground, and sold at a lower price, is 
sometimes used for distempering, but 
it is now practically out of date. 
Another kind of ^temper brush 
which is coming into use is made 
with bristle similar to that in the 
two-knot brush already described, but 
the bristle, instead of being tied on 
to a handle in two knots, is inserted 
in a metal band, after the style of a 
kalsomine brush, the object l^ing to 
avoid an opening between the knots, 
which is of importance in finishing off 
a good ceiling. Half a century ago 
bristles were much cheaper than they 
are at present, and there is still a 
tendency to higher prices,- as the de- 
mand bwomes greater and the supply 
lessens. At tliat time a painting 
brush which now costs 10«. could Iw 
bought for half that amount, and the 
game remark applies to nearly all 
bnuhee, and is tru^ in proportion to 
the wdght of good bristle in them. 
It Is to M noted that no foreign-made 
iHnish ol high quality comes into the 
Bn^h market, and this is owing to 
the small .ooet of labour in manu- 
facturihg a brush commred i^^ith the 
much irreater cost of the bristle used 


in it, foreign competitipn being effec- 
tive only in the item of sheap labour. 

Whitewash brushes, described in the 
makers’ ^talogues as “stock brushes,” 
are three-knot or four-knot, tied on elm- 
handled nailed stock, alder-handled 
nailed stock, flatlimer head, and round 
limer head. The class of bristle used 
in all is the same as that used in paint 
brushes, but a little longer, with the 
exception of the •plm-nidled stock, 
%which is usually made with. all high- 
cl^s black bristle. The difference be- 
tween all the foregoing brushes is 
this ; The two first are tied to handle 
after the style of a distemper brush ; 
in the next the bristles are fastened 
by a leather band, which clips them, 
this band being secured to the handle 
with large flat-headed nails, driven 
close together. The two last are simi- 
lar to the nailed stock—tliat is, flat 
or round, the bristles in both being 
fastened in a similar manner; the 
stocks only differ in shape, as they 
are used at the end of a pole, which 
is inserted obliquely in the stock. All 
these brushes are made with grey 
centres and white outsides, like dus- 
ters, the limers being usually all grey. 
These hmer brushes must on no ac- 
count be used in limewash, for it has 
been pointed out before that lime, 
especially if freshly slaked, destroys 
bristle. 

A washing -down brush is two knot, 
the bristle used being shorter than 
that in a distemper brush ; it is usually 
about 5 in. long, and stiff grey. It 
has become (|uite the rule with high- 
class makers to stamp the lai^ 
brushes on the handles with the weight 
of bristle used in them. This should 
always bo looked for by a purchaser, 
as it will protect him from mud. 

A good tar brush is made with 
bristle secured in an iron ring, Whiim , « / 
also carries a handle dfiven tighti^ 
into it. Tliis is necessary, as there Jf 
a great'strain on such a brush yrhedf^ 
in use. Fibre tar brushes are madd 
of all fibre. After being used a f^ 
times they may be thrown away m 
worthless. 



Wink Coloubing. 


•621 


Wine Colouring. 

Various matters are employed to arti* 
ficially heighten the colours of wines. 
The following are among the number : 

(1) Malva flowers or hollyhock pro- 
duce, when steeped in spirits for 
twenty -four hours, or even when Mled 
with wat^r, U very lieautiful purple. 

(2) The pokelierry (the dark lierries 
from the plant gi-owing all over the 
United States) lias a very darlf red 
colour. 

(3) Whortfeberry, elderljcrry, black- 
lierry, and mulbeiry. 

(4) Brazil-wood, Sanders-wood, and 

logwood. These woods are lioiieil in 
water, and the decoctions yield shades i 
of colour from red to blue. I 

(fi) Cochineal gives a fine red colour 
by boiling finely -gi’ound cochineal with 
cream of tartar. 

(G) Orchil produces a lieautiful purple. 

(7) lied beets anil carrots produce 

likewise a good colour. . j 

(8) Indigo solution, neutralised by j 
potash, produces a fine blue, 

(9) Anuatto and e.\ tract of safflower i 
produce a beautiful yellow. 

(10) Turmeric is the most common 
qolour for yellow, as the spirit extnicts 
all colour immediately ; us also quer- 
citron bark. 

(11) Red cabbage produces a beauti- 
ful bluish-red. 

(12) Qracine (extract of madder) 
pri^uces various shtwles of red. 

(13) Tincture of saffron (Spanish 
sa^n) for yellow. 

(14) Blue vitriol, or solution of in- 
digo, produces blue. 

(15) Burnt sugar produces a fine and 
permanent brown colour for wines. 
It is best to boil down common sugar 
or loaf-sugar nearly to dryness. It is 
then dissiilved in hot water, sufficiedt 
to make the consistency of syrup ; and 
for the purpose of neutralizing it and 
making it a more permanent colour, 
add to each gallon of sugar-colour 
about 1 oz. liquid ammonia. 

(16) Green colour forabsiuth is pre- 


pared from a solution of extract of 
m^o and turmeric, * dissolved in 
spirits. * 

(17) Violet is obtained by a solution » 
of extract of logwood and alum. 

(18) Barwood acquires a dark wine- 
red colour by digesting in alcohol. 

(19) Brazil-wood, by being macer- 
ate in alcohol, or by boiling for half 
an hour, produces a deep red. 

(20) Alkanet-root produces a fine 
blue-red by macerating in alcohol. 

(21) Fuchsine, an aniline colour, is 
now Wgely employed as a substitute ' 
for ammouiacal extract of cochineal. 
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Wire Eopes, 

^ THEIR CARE AND HANDLING, 
SPLICING, ETC. 

Handling Wire Hopes. — Wlien 
uncoiling wire rope it is important 
that no kinks are allowed to form, as 
once a kink is made no amount of 
strain can take it out, and the rope is 
unsafe to work. If possible, a turn- 
taWe should be employed (an old cart 
wheel mounted on a spindle makes an 
excellent one). The rope will then 
lead off perfectly straight without 
kinks. If a turntable is not available 
the rope may l>e rolled along the 
ground. In no case must the rope be 
laid upon the ground and the end 
taken over, or kinks will result, and 
the rope will be completely spoiled. 

The life of wire rope depends princi- 
pally upon the diameter of drums, 
sheaves and pulleys ; and too much 
importance cannot l;e given to the size 
of the latter. Wherever possible the 
size of the pulleys should be not less 
than 700 times the diameter of the 
largest wire in the rope, and never less 
than 300 times. T^e diameter of 
drums, sheaves and pulleys should in- 
crease with the working loatl when the 
factor of safety is less than five to 
one. 

The load should not be lifted with a 
jerk, as the strain may equal three or 
four times the proper load, and a 
sound rope may easily be broken. 

Examine ropes frequently. A new 
rope is cheaper than the risk of killing 
or maiming employees. 

All overlapping of wire rope on 
drums should be avoided where |) 08 - 
sible. 

One-fifth of the ultimate strength of 
the rope should be considered a fair 
working load. • 

In shafts and elevators, where human 
life is eonstantly raised and lowered, 
the woi^ng load should cot be more 
than <me-tenth of the ultimate break- 
ing strength of* the rope. 

To increase the 'amount of work 


: Handling. 


done, it is heater to increase the working 
load thap, the speed of thetrope. Ex- 
perience has shown that thh wear of 
the rope inc^feases with the speed. 

Wire Rope should he greased token 
running or idle. — Rust destroys as 
effectively as hard work. 

Galvanised wire rope should never 
be used for running rope. One day’s 
use will wear off the coating of zinc, 
and the rope will soon Ijegiii to rust. 

Great ciire should lie Vikcii that the 
grooves of drums And shciives are per- 
fectly* smooth, ample in diameter, and 
conformed to the surface of the n)j)e. 
They should also be in t«rfect line 
with the rope, tliat the latter may not 
chafe on the sides of the grooves. 

PuUegs.— It is of 'the greatest im- 
portance that the pulleys over which 
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the rope lias to run are tum^ out in 
the groove of an exact radius to fit 
the rope, as in Fig. 299. 

V grooves, which do not allow the 
rope to work freely in the tread of 
the grooves, desti'oy the rope in a veiy 
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short time, the wires aijd strands 
beinp; displaced when tlie rope isj pulled 
t)ut of the groove, us m Fig, 300. 


Another evil, although of lesser ex- 
tent, is where a rope is put to work on 
a pulley where the groove is too largtf 
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for it (Fig. 301). This causes undue 
stress on individual wires, and you get 
a line of broken wires in the rope. 

S p 1 i c ing 
^ Tools.— The 
usual splicing tools 
are shown in Fig. 
302. They include 
a tucker for small 
strands splicing ; 
round marlinspike ; 
flatter marlinspike ; 
steel wire-cutters ; 
and serving mallet. 
These are made in 
sets by Messrs. 
Brunt'on and Sons. 



each other for a space of 20 to 30 ft., 
according to the size of th8 yope. At 
a point from each end, midway gf the 
lap, the rope must be bound Vith a 
good serving of No. 18 or No. 20 an- 
nealed wire. The serving at the ex- 
treme ends is then cut ott‘, the strands 
untwisted to the new serving, and the 
hemp cores also cut off so as to abut 
when the open bunches of strands are 
brought together, and the opposite 
stri-nds interlaced^ regunirly with each 
other^ presenting the appeamrice as 
near as can be shown (Fig. 303). 

After these are all correctly inter- 
laced pull the ropes tight^f together, 
so that the cores abut against one 



the manufacturers 
of Kilindo wire 
rope, or can be 
obtained from 
most engineers’ j 
supplies sbjres. j 
To make an : 
Endless Splice. 
Clamps are applied 
to the rope suffi- 
cieiftly far back 
^ from the ends to 

’Pfo. SOS. Jillow plenty of 

, room for the splice, 

and the men to operate in. The two 
eiids are then drawp together byfmeans 
oLblbcks and tackle, until they overlap 


another. Next take strand No. 1, and, 
as it is l^eing unlaid, follow it up with 
strand A, which must be laid into its 
place tightly until within 6 ft. from 
the end. Strand No. 1 is then cut 
off, leaving it 5 ft. long, same length 
as A strand. The remaining stra^ 
are treated the same way, three alter- 
nate strands being laid towards the 
right hand and three to the left. The 
strands being now all th^ 

places, the ends are cut on, as with 
the first strands, to 5 ft. The appeafo 
ance of splice will now be the same io 
in 304. 

The next thing is to tuck in t!^ 
ends, and this is where the skill oomii 
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in. Befbri^ doing thin, ^mdd. he 
observed io see that the sjfd.weH portion, 
of tkaurope is pcr/t atly or free of 
tension, otherwise this operation camwt 
he well performed. The core is then 
cut and pulled out on the side corre- 
sponding with the end to he tucked in 
for a distance e(i[ual to the length of 
the end which is to replace it. It i« 
desirable, especially if the rope is 
composed of jiniall wires, to tie the 
ends yf the strands with soft twine or 
threads of jute yam in order hi keep 


pair of projecting ends. Any slight 
inequality in the symmetrical shape jjf 
the rope may lie taken out by pounding 
with a wooden mallet. Some prefer 
to tuck in first all the ends projecting 
in one direction, and then the ends 
projecting the other way ; it is imma- 
terial in what order they are tucked in. 

' If these directions are explicitly 
[ followed, the spliced portion of the 
rope will l)e of uniform diameter with 
otlier portions, and present a smooth 
I and even appearance throughout. After 
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the ' wires well bunched. A marlin- ] 
spike is then passed over 1 and under 
two of the strands, when the core is j 
cut off at the proper point, and by 
moving the spike along the rope spir- 
ally with the strands, the loose end 1 
is passed into the core space and the 
spike withdrawn. Then pull out the 
core on the other side, pass the marlin- 
spike over A and under two strands 
as before, out off the core, and tuck 
in the end A in precisely the same 
maimer, after which the rope is twisted 
back; again as tightly as possible, and 
the olmps or other appliances that 
may be uMd sure rraaoved to the next 


running a day or two, the locality of 
the splice cannot be readily detected, 
and the rope will be quite as stroi^ in 
this portion as any other. 

Splicing Thimbles. Under a/nd 
Over Styh.—OrdhmY type of yrjare 
rope. Serve the rope with w^ or 
tarred yam to suit the circumflenoe 
of the thimble, bend round thimble 
and tie securely in place with tempor- 
ary lashing till splice is finished (as in 
Fig. 305). i Qpen out the strand (as 
in Fig. 306), taking care to keep the 
loose end of the rope to the 1^ 
lisn^. Now insert*|oarli^pike, hfting 
two strands (as shown in Fig. 307), 
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and tuck away towards the right strand^ the* point of the #ipike coming 
hand (that is, inserting the strand at out at tlie same place as l)efljre. Tuck 
the point, and over the spike) strand away straiyi No. 2 as before. ^ 



Fig. d09., ' Fig. 810. 


No. 1, pulling the strand well home. The next tuck is the lookmg tmlc» 
Next insert marliiftpike through next Insert marlinspike in next strand,, i^nd 
strand to the left, only lifting one missing No. 3, tuck away strand No. 4 
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from the point of the eipike towards 
the right,hlnd. Now, without taking 
out the spike, tuck away strand No. 3 
behina the spUr tmwirdR the left hand 
(as shown in Fig. 309). Then insert 
spike in next strand, and tuck aw'ay 
strand No. 5 beiiind and over the 
spike. No 6 likewise. Pull all the 
loose strands well down. 

This completes the first series of 
tucks, sjid tli^^splice will, if made pro- 
perly, be as Fig. 308. Now, starting 
with No. 1 and taking eivch strand in 
rotation, tuck away under one sitrand 


Fig. 311).— Hawsers, or any ropes not 
hanging free and liable to spin, may he 
spliced in this style, ,in which the 
strands, instead of being interlocked 
together, are merely tucked round and 
round one particular strand in the 
rope. Each loose strand is, of course, 
tucked round a difierent strand in the 
rope. This is sometimes called the 
“ Liverpool ” style. 

Splicing Thimbles in “Kil- 
indo ” Ropes.— Serve rope with soft 
wire or tarred yarn. Bend round 
thimble and securely lash in place till 
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Fig. 312 


and over the next strand till all the 
strands liave been tucked four times. 
If it is intended to taper the splice, 
the strands may at this i)oint be split, 
and half of the wires being tucked 
away as before, the other half cut close 
to the splice. Fig. 310 shows the fin- 
ished splice ready for serving over. 

It will be noticed that this style of 
splice possesses a plaited appearance, 
and the more strain applied to the 
rope, the tighter the splice will grip, 
and there is no fear of the splice (^w* 
ing owing to rotation of the rope, 

Liverj^ or Spiral Style, — (See 


splice is finished (as shown in Fig. 306). 
Open out loose end of rope, spreading 
out all the strands (as shown in Fig. 
312), taking care that no two strand 
cross. The strands are thefi tucked 
away (Fig. 313), two or more at a 
time, in exactly the same way al de- 
scribe above. If it is wished they 
maybe tucked^pirally— that is, round 
and round one particular strand, as in 
Liverpool splijce. Bemg a non-rotat- 
ing rope, it is not necessary to have a 
locking tuck in “ Kilindo ” rope, but 
it is recommended (see 313). 
Fig. SU shows completed sphoe. It is 
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most important that all the Btrands 
are tucked away, otherwise the splice 
will not stand breaking strain of rope, 
* and also if it is omitted to tuck the 
inside strands, these will have a ten- 
dency to creep upwards, and will 
eventually break through the outer 
strands. 

Crosby clips (as shown in Fig. SI 5) 
are recommended when a splicer is not 
obtainable, and they are quite safe. 

Endless “ Kiundo ” Splice.— 
Serve the rope tightly at a point about 
twenty feet from each end, and unlay 


When all llie strands are laid into their 
place, iM'oceed to tuck Sway jis follows,: 
If the ro[)c is of eight strands, lift two 
strands with the mariinspike, a^d pull 
the strand to be tucked right through 
the aperture intact. Pull out the 
spike and unlay the wires in the strand, 
and repeat the above process twice. 
Cut off close and lay inside the rope, 
and it will l)e found that the wires will 
fit quite snugly in the interstices of the 
inside rope, without f(irming any ap- 
parent thickening of the rope. Repeat 
witljTall the strands to be tucked 
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the outer cover of strands rn mtm to 
this point, taking care to leave the in- 
idde rope intact. Splice the inside 
rope in exactly the same way as 
already described. Then lay back the 
outer covering of strands till they 
meet at the centre of the splice. 
If this is done carefully, it will l)e 
found that the rope will be perfectly 
i^mmetrical, the strands folding into 
theirpoBitionsqui^easily. Then inter- 
lace 4^e various stran(^ at the centre 
of the splice, and unlay one strand, 
following.tip with the strand opposite, 
escactly as with* an ordinary •splice. 


Fixing Improved Wir 
Sockets. — Put the socket over tl 
wire rope as shown in Fig. 316, ax 
about 6 in. from the end. Serve wii 
fine wire for about IJ in., then ope 
the strands, cut oS the heart, and bei 
all the strands back over the scorii 
as shown in Fig. 317, 

They should then be tucked in b 
tween the strands as shofhi in Fij 
318, and the whole hammered close 
together. 

A steel pin should then be drivahi 
as in Fig. 318. 

The rope is then drawn dowft 
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the socket as shown in Fig. *319, and 
the whole .rjiA up with hard ^hite 
metal. ^ 

A good mixture <if white hietal to 
run up wire rope sockets is equal parts 
of tin, lead, and zinc. 

jAn Improved Hose or Socket. 
In view of the difficulty often cxjxiri- 
encetl iu the re-capping‘ of winding 
roi)es. King devised a detachable 
socket or hise, \\Uich may l»e ])ut on 
or taken off without the necessity of 


into a pail of dilute acid to clean them. 
The acid is then shaken off. The 
hose, C and D, is then built up round 
the end of the rope, the wires being 
loosely bound at the extreme top into 
the shape of the conical recess in the 
socket. The stirrup, EF, the washer, 
K, are fixed in place, the sides of the 
hose are clayed up, and the whole filled 
with white metal. The rings, G*, Q®, 
and G*,are driven home when the metal 
has cooled, the stirrup, EF, then 
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heating the shackle-end, Instead of | 
being made in one piece, the new hose 
(Figs. 320 and 321) is built up of two 
sidepieoes connect^ at the top to a 
suitable stirrup, the whole being ringed 
in ^e usual toanner. The method of 
attachment is as follows : The rope is 
covered with soft annealed inm wire 
to a point about 9 in. from the end of 
the rope A. The wires wre allowed 
to unstrand from this point to B, and 
whdl completely separated are dipped 


being finally screwed up tight by the 
bolt, H, and nut, I (Figs. 320 and 321). 
The capel can be fixed complete in 16 
minutes after the wires are separated 
and cleaned, Whpn tested this hose 
hdd the rope so firm that it broke 
clear and there was no sign of slip. 
A special advantage *of this hose is 
tliat it can readily be taken off and 
the butt end of the rope examined, to 
ascertain if the white metal has united 
properly with the wires. This advan- 
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tage is possessed by no other white 
metal hose, and is important. If a 
perfect solid butt is shown no power 
can draw the rope out of the hose. 

Preservation of Winding 
Ropes. — (tt) In a recent report of 
the Transvaal Commission appointed 
to investigate the use of winding ropes 
and safety appliances in mines some 
interesting facts were given. In the 
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first place, it is shown tliat the pire- 
servative treatment of a rope during 
its manufacture is a matter of first 
importance, and directly influences the 
life of the rope. The core, of tarred 
Russian hemp, should be thoroughly 
soaked in an acid-free lubricant, and 
the wires should also be well lubri- 
cated whilst they afc being laid up. 
The rope thus, if the dressing is suffi- 
dentiy thick and heavy, is well pre- 
pared to resist the cdh-osive action of 
a damp atmosphere. Hopes are usually 
coated with a black varnish for sliip- 
mept a^oad, but such ropes should be 


well treated with a lubricating dressing 
before they are put to*vjork, in fact, 
this remark applies to all winding 
ropes. Suitable dressings ot various 
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kinds ore advocated. Many manufto* 
turers favour plumbago or graphito* 
mixed with vaseline, linseed-oil, palm 
or other vegetable oil. Some of the 
workmen who gave evidence bjf^fpro 
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the Transvaal Commission lleld widely shorten the life of a winding rope very 
different yigvfs on this point*, one considerably is the pincliing effeci 
favourec^ Stockholm tar with grease, which occurs at each end pf the wipd- 
another one advocated the* use of a ing-drum when the rope mounts upon 
mixture of one part of cylinder oil to the layer immediately beneath it. If 
two jwrts of truck grease, whilst a special flanges arc used, such as those 
third made a practice of using a })atcut constructed to the design of Mr. H. C. 
composition. A point well worth tlie Rchr, consulting mechanical engineer 
attention of users of hauling rojies is to the Consolidated Cold Fields of 
to watch very aircfully that the tread South Africa, Ltd. , this effect is en- 
t)f the shqjive dcjps not l>ecome filled tirely olwiated. Another oiuse of 
up with a dresi^ng which is liable to severe wear and tear is the side fric- 
hardeii *ou exposure, beaiuscs cases tion of one coil of rope upon the next, 
have iMjen known w’hen the rope has and also ujM)n the lower coils on which 
l)ecn thrown off the sheave due to the it is liedding. This may be due to too 
accftmulation ^f such lubricant, i.e. short a letul from shejive to drum, 
to the tread having liecomc full uj). The angularity of the sheave at the 
With regard to the effect of working pit heacl and the horizontal distance 
conditions on the life of the roj)e, one of the drum from the shaft should so 
manufacturer said ; “ A winding rope, confonn to the width of the drum 
made to suit the special winding appjv- that the deviation of the ro})e is not 
ratus at a mine, should only depend too great. If this angle becomes more 
upon the number of foot-pounds of than two degrees on each side of the 
work (lone for its life. The more centre line, considerable side friction 
material lifted from the mine, or the on the rope will be introduced, more- 
quicker that it is lifted, l)ears a direct over, the coiling of the rope on the 
proportion to the life of the rope.” wimling-drum may possibly give 
The conditions under which ropes trouble. In such cases, where grooved 
are used must be considered in the drums are used, a deviation from the 
first place, for very often when provi- straight line may, of course, be con- 
sion is made to protect a rope under siderably grefiter. 
one or more known conditions, that The life of a haulage rope may be 
same provision has quite the reverse ])rolonged to a very great extent if the 
effect when other conditions come into fidlowiug precjiutions are minutely 
play. This simply amounts to saying observed and carried out 
that, as in the case of all other plants (1) The rope should be protected 
for engineering work, the mauufac- from wjiter as much as possible, and 
turers should be consulted before the carefully treated with a good lubricant 
material for any given job is obtained, at least once a week, 
as it is only natural that they know (2) The haulage wheels, roller 
more about the suitability of their pulleys and bevel pulleys should re- 
manufactures than anyone else, ceive attention, and be lubricated at 
Amongst other considerations which least once a day, 
have to be dealt with in mine work, (3) The rope should be carefully 
the fact of high speed of lifting was guided, and not allowed to rub .on the 
pven much attention. Rapid winding roof, sides or floor of the roadway, 
was considered, generally speaking, (4) The liaulag^ wheels should be as 
more harsh# than slow winding, even large as possible to avoid quick curving 
though bigger loads were carried in the of the rope. 

latter case. This is accounted for by (6) The rope phould never be sub- 

the sudden changes of velocity when jectol to sudden jerks. 

high speeds are used, and not merely (6) It should never be loaded beyond 

on account of the speed in itself being j the safe^ working load.* 

hkh. Another factor which tends to (7) A haulage rope should never be 

2 M 2 
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changed from a ’larger to a smaller 
drum, but it will do no harm to 
change it from a smaller to a larger. 

(8) It should be recapped and re- 
versed at least every six months. 

(9) The rope should l)e minutely 
examined at frequent intervals, and 
portions of it tes^ regularly. 

The following ingredients, in vary- 
ing proportions to suit conditions, 
make a very good lubricant for roj)es, 
'and is not costly : — Tar, summer oil, 
mica and axle grease. The tar and oil 
must be alwolutely free from acids of 
any kind. The alwve combination re- 
sists water successfully and thoroughly 
penetrates the wires, thereby prevent- 
ing rust, and fills the cable, giving it a 
soHd appearance. 

As regards the storing of ropes : 
they should on no account be phwed 
on the ground, but upon dry planks 
raised a few inches so that they will be 
entirely free from damp. They should 
be carefully covered, and should be in- 
spected frequently, besides having a 
coating of some lubricant at intervals. 

• When uncoiling a new rope the 
greatest care should be taken to pre- 
vent “kinking they should during 
the process be pl^ed on a reel or drum 
when being “given” out. (J. Mac Vie 
in Mining Engineering. ’) 

Lubricating Hopes and 
Guides.— -In “ Gliickauf ” Mr. Dob- 
belstem describes certain devices re- 
cently introduced into German min- 
ing practice for greasing cage-ropes and 
guides, on account of the waste and 
imperfect manner in which the work 
is done by hand. At the Hugo colliery 
of tbe Harpener company a hinj^ 
wrought-iron casing is arranged in 
connection with a compressed-air pipe. 
The rope p^ses through a central bore 
of the casing, and engine oil (which 
possesses the necessary fluidity and 
prevents rusting) is forced through a 
number of small orifices at an angle of 


45° with Ihe rope. Tlje bore of the 
casing is eased at the top and bottom, 
to prevent loose ends of vsire from 
being torn out of the rope ; and the 
casing is mounted on rollers, so as to 
follow any deviations of the rope from 
the centre of the winding compartment. 
The consumption of oil is only one- 
sixth that of the solid grease previously 
used ; and there is also a considerable 
saving in lalwur, o»^ man«being able 
to put the apparatus in position for 
use, whereas hand greasing takes three 
men a full day. Experiments made 
with a view to obtaining an efficient, 
non-slipping, anti-corrAaive lubricant 
for underground haulage ropes showed 
tliat the best results for this purpose 
are obtained by a mixture of tar and 
driers, tliis possessing the requisite* 
tenacity and elasticity. 'The problem 
of greasing cage-guides is somewhat 
difficult, oil or grease being prohibited 
on account of the danger of fire, whilst 
soft soap soon washes off* in wet shafts, 
and is also wasteful in application by 
hand. A thin mixture of soap and 
graphite was eventually prepared, 
which greatly lessens the friction of 
the cage shoes on the guides, and can 
be applied by comprised air. For 
this purpose a clos^ vessel, divided 
into two compartments, for the grease 
and air respectively, is mount^ on 
tub wheels, and charged with com- 
pressed air from the main until a con- 
stant pressure is indicated by tiie 
gauge. The mounted vessel is run. 
into the cage, and a branched delivery 
pipe leading from the oil chamber is 
fitted with two pairs of nozzles that 
pass through holes in the side of the 
cage and d^harge the grease on to the 
inner comers of the cage-guides as the 
cage moves down the shmt, the com* 
pressed air being admitted to the oil 
chamber through a reducing-valve. A 
saving of about 202. aimum % 
effect by the use of U device. 
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Acoumulaior system of refrigeration, KJ 
Air cooling processes, 4 

hardening steels, 340 

Alumina waterproofing processes, 603 
Aluminium brdM, soldering, 184 

solder for, 183 

Almond soaps, 169 
Amber oil varnish, 421 
Ammonia refrigeration, 6 
Angle-irons, preventing corrosion of, 34 
Angus-Smith’s Iron coating process, 33 
Anulne dyes for staining. 207 

varnishes, 423 

Animals, cleaning stuffed, 284 
Annealing, 336 
> cast iron, 336 
—— steel, 336 
Antimonial soap, 167 

Anti-corrosive processes, Angus Smith, 33 

Bourdon, 40 

— Bower-Barff, 38 

caustic soda, 43 

__ Kngelhardt, 34 

fiuphorbium, 33 

for girders, 34 

for stoves, 37 

galvanising, 31 

— Gesner, 40 

lime coating, 35 

Machabee, 34 

mineral waxM, 43 

. miscellaneous receipts, 44 
..... NeuJean and Delaito, 32 

pdnts, 36 

— — — Percy, 33 ' 

pitch, 43 

— __ red oxide of iron, 44 

Eeynold, 46 

...... ........ Sherardising, 31 

gUver, 46 

Sterling, 36 

..._ — . Ventura Serra, 33 

Ward, 38 

.... lino, 46 

Anvil, making a small, 3B8 
Aromatic vt»egar,U2, 443 
Arsenic, nse in hardening steel, 841 
Arsenical soap, 386 
Artificial marble, 268 
—— stone, 266 

fkom elag, 113 

..... nlnditones, 269 
gening, 259 


Artificial stone, moulded, 255 

scagliola, 258 

silica-lime, 257 

— tortoiseshell, 396 
Asphalte varnish, 424 
Awnings, waterproofing, 606 


B 


Back saws, 69 
Balloons, varnish for, 426 
Band saws, 61 

jointing, 62 

speeds, 63 

Bar soap, 166 

Bells, connecting telephones to, 324 
Bending stereotype plat< s. 243 
Bienvaux’s textile waterproofing process, 
602 

Binding knot, 404 

Bird skins, curing, 286 

Birds, stuffing, 286 

Black leather varnish, 427 

Bleaching bone fat, 178 

Block and tackle, 26 

Blowpipe, the plumber’s, 196 

Boats, waterproof paper for, 600 

Bone fat, bleaching, 17 B 

Bookbinder's stereotypes, 245 

Boots, waterproofing, 499 

Boradc soap, 167 

Boring tools, tempering, 346 

Bottle wax, 74 

Bouquet soap, 170 

Bourdon’s antl-corroslve process, 40 

Bower-Barff, anti-c«roeIve prooesg, 38 

Bowline, 399 

Brass, cleansing for silvering, 101 

— silvering, 100 
tinning, 365 

turnings, recovery of waste, 455 ' 

wire, tinning, 367 

Brazing, 198 
. — fiox for, 186 
Briar-root pipis, 378 
Bricks, cement and ash, 258 
ii — silica-lime, 257 

slag, 113 

stA«f213 

— whitewashing, 613 
Brickwork, lime ^nt for, 618 

waterproofing, J507 
Bilne air cooler, 10 
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Rrltannla metal, aoldering, 196 
Brunswick black, 425 
Brushes, dUtemi>er, 520 

tar, 620 

varniMh, 4l8 

— washing down, 520 

whitewash, 620 

Buck sawB, 69 
Building blocks, 255 

hollow, 256 

silica-lime, 267 

Buildiugs, wateri)rootlng, 507 
Bullard’s textile waterproofing process, 602 
Buttons, silvering, 98 
Byng transmitter, 306 


c 


Cabinet varnish, 420 
Calico, waterproofing, 503, 604 
Calvert’s caustic soda anti-corrosive process, 43 
Camphor savohette, 167 

soap, 167 

Can ice, 8 

Canvas, tanning, 503 

waterproofing, 495 

Capes, waterproof paint for, 504 
Carbolic soap, 167 
Carbonate ot soda, 181 
Cardboard, varnishing, 418 
Carpet cleansing soaps, 165 
Carriage varnishes, 420 
Carrick bend, 401 
Casehardened articles, tinning, 369 
Casehardening, 327-333 

iron, 327 

Casting beds, slag, 114 

Castings, cleaning with sand blast, 47 

painting, 33 


pickling, 33 

slag, 106 

Cast iron, annealing, 336 
casehardening, 327 

— pipes, Angu^mitb’s coating 

process, 33 

— —to corr^on of, 29 

defects in, 29 

— ' protecting, 34 

— — proterang, 28 

welding, 142 

steel, welding, 140 

Catspaw, 401 
Caustic soda, 181 

anti-corrosive process, 4? 

CeilingB, distempering, 613 
— — limewflsh for, 518 
whitewashing, 610 
Cell Ice, 8 

Cement, mixing with soda,«182 

ilag. 109 

XMsspool system, 77 
Ceylpn, preserving iron In, 43 
^Coax^l tobaeco pipes, 880 * 

(Mnese nutttQg. 265 

mat^^ 267 

Qi^pendaie stain, 221 
QUmimon soaps, 170 


Circular caws, 60 

— y speed, 61 

straightening, ei • ' 

sundials, 281 

Clarke’# water softening process, 479 
Clay tobacco pipes, 373 

moulds, 375 

Cleaning stuffed animals, 284 

with sand blast, 47 

Cleansing discoloured washing soda, 182 

soda stains, 182 

Cleveland slag works, 114 
Clock dials, silvering, 95 
Clove hitch, 399, 404 , ^ 

Cuachmaker’s black vatnisb, 424 

c-opal varnish, 420 

Coat, waterproof, 604 
Cocoanut oil soap, 165 
Coke air screens, 6 

razor paste, 4 

Cold silvering, 101 

soldering, 185 

storage Insulation, 118 

tinning, 370 ' 

Coloured drawings, varnish for, 428 

rubber stamp inks, 27 

Colouring sealing wax, 71 

soaps, 166 

wines, 521 

Colourless varnish, 422 
Compass saws, 59 
Combs, tortoiseshell, 395 
Concentrating syrups, 16 
Concrete, silicatlng liquid, 256 

waterproofing, 607, 608 

Cooley’s textile waterproofing, 505 
Cooling by evaporation, 6 

processes, 4 

Copal vanilsbes, 418 

for fine paintings, 419 

quick drying, 419 

Copper corrosion, 27 
— — hardening and tempering, 362 

pans, retlnnlng old, 364 

salts, recovery of waste, 455 

— — silvering, 97, 100 

tinning, 362 

ungilding, 458 

Cordage, sizes of, 26 

waterproofing, 494 

Corrosion of metals, 27 
Cost of refrigeration, 11 
Crayon drawings, varnish for, 431 
Crosscat saw, using single handed, 70 

saws, 68, 6 h 

Crossley gas producer, 273 
Crotch punch, 68 ' 

Cucumber vinegar, 442 
Cnllnary vessels, tinning, 863 
Canningham's concrete waterproofing, 608 
Cuprammoninm waterproofing prooesieit 
493 ^ 

Curd soaps, 149 

Curing waterproofed fkbrlos, 487 
Cutlery, hardening, 387 
Cntters, tempering, 338 
Cyanide solutions, recovering eitver firomi 
460 
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» D 

Dammae vrolBh, 421 , 

Dampproof paints, 608 
Diamond hitch, 404 
Dies, hardening, 343 
Disinfectant soaps, 168 
Disston’s one-man saw, 67 
Distempering, B13 

brushes, 620 

— colours, 514 

laying on colours, 516 

matchlig wall papers, 616 

— — outtdde work,%i7 

staltfed ceilings, 516 

washable, 517 

Dividing a board equally, 383 
Double-sheet bend, 399 
Dowson gas producer, 269 
Draw-reef knot, j 99 
Drawings, varnish for, 431 
Driers, 411 

Drilling hexagonal holes, 385 

square holes, 384 

Dry soldering, 185 
Drying waterproofed fabrics, 487 
I^e soaps, 166 
Dyeing straw, 262 


Earthenwaer fender curbs, laying, 366 
Ebonising wood, 216 
Electrical soldering iron, 193 
Elkln’b saw sharpener, 64 
Emery rasor paste, 4 
Engineer’s soap, 166 
Engraving with sand blast, 49 
Engravings, transfer varnish for, 428 

varnish for, 428 

Euphorbium, coating steel with, 33 
Expanding solder, 186 


Fabrics, waterproofing, 494 
Felt hats, waterproofinjs, 498 
Fender curbs, laying glazed, 3B6 
Files, hardening and tempering, 339 
•^softening. 351 
Pilling for soaps, 167, 162 
Finishing stereotype plates, 239 
Fire hose, waterproofing, 498 
Fireproofing, steatite paint, 619 
Fi^, mounting, 284 
Fish-hcoks, tying, 406 
tying gut to, 406 
Fitted Boaps,«l49 
Flat ropes, 24 
Fleam of saw teeth, 67 
Floating soap, 166 
Flong, 228 
— preparing, 230 
Floors, staining, 200 
tllelaylng,387 


Flowers of Krln soap, 170 
Fluid solders, 186 
Flux, for welding, 141 
Fluxes for soldering, 186 , 

Foil, silvering with, 97 
Foot-vice, handy, 386 

Forme?, preparing for stereotyping, 231 
Frostprooflng with slag wool, ill 
Ftimigating oak, 226 
Furniture varnishes, 424 
varnishing, 417 


GAtNE’s concrete waterproofing, 608 
Gallagher’s concrete waterpioofing, 608 
Galvanised Iron, protecting, 28 
Galvanising iron, 31 
Garlic vinegar, 442 
Gauduin’s soldering fiuid, 186 
Gauge of saws, 70 
German silver, silvering, 101 

ungilding, 458 

Gesner’s anil-corrosive 

Gilded articles, removing gold from, 468 

varnish for, 426 

Girders, pi eventing corrosion 1^34 
Glass, engraving with sand blast, 49 

slag, 106 

varnish for, 427 

Glauber’s salts, 181 

Glycerine, recovering ftom lye, iis 

soap, 170 

tempering in, 361 

Gold paint, 429 

■■ — recovery of waste, 

— size, japanner’s, 429 
Gravers, hardening, 340 
Grease-proof paper, 600 
Greasing wire ropes, 630 
Grinding valves, 409 
Grindstone, artificial, 269 
Grooves in wood, tool for, 

Ground glaas. Imitation, 427 
Gumming saws, 57 ^ 

Gun metel, recovery of waste, 486 
Gut, tying to fish-hooks, 406 
A^TBoirrhfl. VATnilb. 427 


Half-bocnu grooves, tool tor, 391 
Half-tone blocks, stereotyping, 245 
Hammers, hardening, 340 

soft. 390 

Hard soaps, 166 

soldering, 198 

spirit varnish, 422 

water soaps, 167 

softening, 473 

Hardening and tempering copper, S62 

• cutters, 338 

files, 339 

mill bills, 340 

springs, 342 

toolB,S44 
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Hardening'and tempering, nae of arsenic, 34i 

cntlery, 337 

direct press method, 361 

— gravers, 340 

— hammers,' 340 

— high speed steels, 340 

— lathe mandril, 340 

— machine steel, 331 
metals, 327-352 

— — mill picks and chisels, 341 
mining picks, 341 

razors, 337 

~-~SBW8, 337, 342 
— — soft stone, 259 

taps and dies, 343 

usml hints, 332 

Harness soap,. 167 

Hats, waterproofing, 498 

Hatt’s concrete waterproofing, 508 

Haulage ropes, lubricant for, 632 

Hawley’s concrete waterproofing, 608 

Hearths, tile-lajring for, 352 

Heat proofing with slag wool, 117 

Hemp ropes, splicing, 408 

Hexagonal bole, drilling, 385 

Hides, waterproofing, 498 I 

High speed steels, hardening, 340 i 

Hollow building blocks, 266 ' 

Honey soap, 170 1 

Hookah. 381 

Hooks and eyes, silvering, 98 i 

Horizontal sun-dials, 281 i 

Horn, staining, 201 

HorBe>cloth, waterproofing paint for, 604 
Horsehair, staining, 202 
HoTseradiBh vinegar, 442 
Hot silvering, 96, 97 
Hughes microphone, 304 
Hufot's aluminium-bronze solder, 185 
Hunning’s transmitter, 306 
Hunnings-oone Deckert transmitters, 307 
Hydraulic press, a simple, 389 

rams, efficiency of, 480 

Hydrogen generator, 42 


1 

lOB making, 6 

skating rinks, 14 

Ichtbyol soap, 168 
Indiambber, solvents for, 489 
— varnish, 426 

waterproofing, 485 

Induction ooils, 807 
Ink for rubber stamps, 26 
Inoxidising processes, 38 
Insecticide soap, 168 
Iodine soap, 168 
Iron and steel, protecting, IK 
— — articles, tMIyerlng, 468 
•— > oaseth^ening, 327 
* oorrotion, chendcal action, 30 
.t, — Attacked by 6oift«water, 478 
— -aUlvering, 96 
-^softening; 360 

weMUuK 1« , 

wire, tinning, 368 


Ironwork, cleaning with sand blast, 49 

vaniirfh for, 424 

IvA'y, staining, 201 


J 

Japan black, 425 
Japatiners’ gold size, 429 
Jewellery solder, 187 


K 

KALSOMINE, 518 

• Kalsomining, 5l8 , 

^ Kilindo ropes, splicing thimbles, 627 

dCllnger's water gauge, 471 
Knots, binding, 404 

Blackwall bitch, 401 

bowline, 399 

Carrick bend, 401 

catspaw, 401 

clove hitch, 399, 401 

diamond bitch, 404 

doable sheet brad, 399 

drag rope. 401 

— ~ draw reef, 399 

reef, 399 

sheet bend, 401 

single sheet bend, 399 

thumb, 399 

timber hitch, 399 

weaver's, 401 

Kabelka’s stone-hardening pn)ceB4, 269 


L 

LAOUMyER varnish, 428 • 

JutbeMmdril, hardening, 340 
Lavender soap, 170 

Lawrence water softening process, 479 
liead bath, tempering in, 351 

use in hardening, 347 

effect of soft water on, 478 

— — pipes, corrosion of, 46 

recovering from zinc, 470 

shot, 92 

Leather, staining, 203 

waterproofing, 498 

Left-hand thread tap, 388 
I.eggings, waterproof paint for, 604 
Lightning arresters, 319 
Lime paints, 518 

sUicated. 819 

use as anti-eorroslve, 36 

Limewash for ceilings, 517 
Linen, waterproofing, BOf 
Linseed oil, 411 

boiling, 412 

vamiuee, 421 

Liverpool splice, 627 
Locomotive tanks, paioMng, 48 
Long spUclDg, 408 „ „ 

Lowry's textile waterproofing prooea, lOI^ 
Lubricating winding and gulden 

wire ropes, 680 

Lax, concrete waterproofing, 600 
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Maciiabkk’b iron coating process, 34 
Machine Bteel, hardening, 331 • 

Machinery, protecting from rust, 44 
Malgnen's water aoftening plant, 474 
Mahogany Win, 220 
Malacca cane, polishing, 454 
Manure, slag, 113 
Map varnish, 428 
Maple stain, 221 
Marble, imitation, 258 

soap for cleansing, 167 
Marine soaps, 148** 

Marking, tools, 392 

Marsh’s concrete waterproofing, 608 ^ 

Mastic varnish, 421 

Matting, Chinese, 265 

— — straw, 265 

Medicated soapt, 167 

Meerschaum pipes, 380 

Mercurial soap, 168 

Metal clippers, 382 

rusting and corrosion, 27 

Metals, cleaning with sand blast, 47 

Sherardising, 31 

Microphones, 296-307 
— — Byiig, 306 
plates fur, 306 

theory, 306 

Mill bills, banlening. 341 

picks and chisels, hardening, 341 

Milled soaps, 158 

Mine piping, protecting, 34 

Mineral waxes, preserving Iron with, 43 

— wool, 116 

Mining picks, hardening, 341 
Mond gas 271 
Morflt’s soap process, 146 
Morse code, 293 

telegraph instrument, 292 

Mortar, ^g. 111 
Mosaic concrete fioors, 361 
floors, 368 

preparing the tesserce, 361 

Mottled soaps, 149 
Moulding tortoiseshell, 394 
Mounting stereotype plates, 239 

stereotypes, 246 

Mouth blow-plpe, 199 

Muller’s soldering fluid, 186 > 

Musk soap, 170 


N 

Natiokal gas producer, 273 
Netting, waterproofing, 494 
Nickel, recovering waste, 470 
Nielled silver, lOB 


’ 0 

Oak, dATkening, 222 

— ftamigated, 225 

— stain, 221 
r— vamlsb, 42^ 


Oil Tarnishes, 412 
Oilcloth, 505 
Oilskins, 504 
Opaque soaps, 161 
Orange-flower soap, 17 1 
Outside work, whitewash for, 618 
Oxide of tin razor paste, 4 
Oxidised silver, 103 


P 

Pack saddles, tying, 404 
Packing paper, waterproof, 500 
Painting galvanised iruii, 28 

metal work, 32 

Paintings, copal varmsh for, 419 

varnish for, 428 

Paints, dampproof, 508 

for iron, 36 

lime, 618 

steatite, 619 

Palm oil soaps. 169 
Panama bats, 264 

Paper, elastic dammar varnish for, 431 

grease proof, 600 

parchment, 600 

staining, 209 

— — varnish for, 428 

varnishes for waterproof, 601 

varnishing, 418 

waterproofing, 493, 499 

Parafiln oil, separation by cold, 15 
Parcel, tying, 406 
Parkes’ vulcanising process, 487 
I'arone’s textile waterproofing process, 506 
Paste for flong, 228 
Pasteboard, waterproofing, 499 
Patterns, iron, varnish for, 424 
Paving blocks, slag, 106 

flags, artificial, 266 

Paut’s textile waterproofing process, 502 
Percy’s Iron coating process, 33 
Perfumed soaps, 147, 169 
Petrilying concrete, 256 
Pharos concrete waterproofing, 608 
Photographic prints, varnishing, 431 
— solutions, recovering waste metal 
from, 459 

— — varnishes, 430 
Pickling iron castings, 33 
Picture frames, staining oak, 219 
Pigments for sealing wax, 72 
Plpe-wrencb, extemporised, 385 
Pipes, corrosion of, 29 
Plron’s tanning process, 603 
Pttchof saws, 66 
Plaster, staining, 213 

Plating solutions, recovering silver from, 
465 

Platinum, recorering waste, 458 
Plenum ventilation, 434 
Plumber’s Idowpipe, 196 

Bolderlng, 188 

— — wiping dioths, 192 
Policed metal, varnish for, 426 

surfaces, protecting, 45 

Poliahing malacea cane, 454 
moesic floors, 360 
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Polishing sealing wax, V3 

soaps, 17!i 

Potash soaps, 144 
Primrose soap, 17 1 
Prints, removing varnish from, 431 

varnish for, 42f5 

Pumice-stone soap* 173 
Punch, a handy, 382 
Purifying silver, 94 


R 

Raiufall, estimating, 476 
Rainwater, 476 
separator, 1 

Ransome's slag cement process. 111 
Raspberry vinegar, 442 
Razor paste, 4 
Razors, hardening, 337 
Reef knot, 399 
Reflectors, silvering, 96 
Reflex water gauge, 472 
Refrigeration, 4 

anhydrous ammonia method, 12 

brine method, 12 

motive power, 11 

Relmann’s textile waterproofing process, 602 

^in leather, staining, 207 

Reinforced concrete, waterproofing, 608 

Register, calculating sizes of, 439 

Relays, 320 

Remelted soaps, 156 

Repairing stereotype plates, 240 

Resin soaps, 151, 173 

Resinous woods, sawing, 69 

Re-tinning, 362-372 

— brass, 366 

old copper pans, 364 

Rifle barrels, rust-proof coating for, 40 

Rip saws, 60 

River waters, 477 

Road metal, use of sli^ for, 105 

Rondoletia soap, 171 

Rope-making by hand, 18 

— - flat ropes, 24 

— — laying the strands, 24 

— — tools, 22 

splicing tools, 524 

Ropes, care of, 22 

sizes of, 25 

— — strength of, 19 

waterproofing, 494 

— — weight of, 24 
— — whipping, 401 
Roeesoap, i7L 
Rosewood stain, 223 
Rubber-stamp ink, 26 
Rubber stamps, 26 
Rust, removing from steel, 44 
Bnstlng of metals, 27 • 


s 

SiCxbtoTH, tanping, 603 
Saddieiy fittings, silvering, 97 
Sattdow, tanning, 50& 
waterproofing, 609 


Salt bath, tampering in, 351 
Sanfi, slag, 107 
soaps, 174 

Sand-blqpt, cleaning with, 48 ' 

engraving with, 49 

processes, 47 

Satin wood stain, 223 
Saucepans, tinning iron, 369 
Sav{)l, 169 

Saws, angle of teeth, 66 

back, 59 

band, 61 

buck, 59 

circular, 60 

compass, 59 

cross-cut, 59, 68 

^ — crotch punch, 69 

deepening gullet, 57 

dimensions oi, 56 

emery wheel sharpeia^rs, 55 

filing, 62 

fleam of teeth, 67 

forms ef teeth, 56 

gauge of, 70 

gumming, 67 

bandies, 66 

hardening, 337, 342 

jointing, 64 

one-man, 67 

pitch of, 68 

Tip, 60 

scroll, 69 

set of teeth, 68 

setting, 60 

shapes of teeth, 66 

sharMtilng, 50 

side Jointing, 64 

throats, 67 

web, 59 

Screw taps, care of, SB7 
Scroll saws. 59 
Scagliola, 268 
Sealing-wax, 71 

— bottle, 74 

bronze, 74 

— — brown, 74 

colouring, 71 

deed, 74 

forming, 73 

gold, 76 

, ^een, 75 

, igredients, 71 

— letter, 76 
melting, 72 

raiscenaneous receipts, 73 

mixing, 72 - 

parcel, 75 

polishing, 73 

properties, 71 

red, 75 

translucent, 76 

yellow, 76 

Seameu's oilskins, 604 
Selvagee, 26 
Septic tank system, 79 
Setting saws, 60, 68 
Sewage disposal, 77 

— cesspools, 77 

— intermitteot filtration, 77 



Index to Volume IV. 


589 


Sewage disposaU septic tanke^?^ 

larming, V 

Shallot vinegar, 442 
Sharpen^g saws, 50 

Shaving creamB, 173 ' 

soaps, 173 

Sbeet-irorgpipes, tarring, 42 

protecting, 34 

Sheffield plate, electroplating, 99 
Shellac, 90 

Sberardlsing metals; 30 
Shingle, slag, 107 
Shoe sharpening vice, 387 
Shoes, waterpriKjflng, 499 
Short spliang, 40r 
Shot, 92i 

&ide>jointing saws, 54 
Silica-lime building stone, 257 
Plicate cotton, 116 

of soda, 181 

Silicated lime faint, 509 
Silicating concrete, 256 
Silk, varnished, 606 

— waterproofing, 505 
Silver, nlelled, 103 
paint, 420 

recovery from photographic solutions, 469 

— — — —— plated goods, 465 

plating soluiiotiB, 465 

of waste, 467 

ungilding, 458 

varnish for, 426 

Silvering, 94 

brass, 100 

— - buttons, 98 
- clock dials, 95 

cold, 101 

copper, 101 

de-silvering, 96 

— — German silver, 101 

hooks and eyes, 98 

hot, 96, 97 

imitating old, 103 

iron, 96 

— • on solder, 95 

— - oxidised silver, 103 
— — paste for brass, 101 
—— plating solutions, 94 
— - powder, 99 

— purifying silver, 94 

— reflectors, 96 

— — Sheffield plate, 99 
•»— silver nitrate, 94 
«i — thermometer scales, 95 
_ with foil, 97 
Single sheet bend, 399 
Skating rinks, ice. 14 
Slabbing tile panels, 366 
1^, artiflciil stone, 118 
— — bottle glass, 106 
bricks, 112 
casting beds, 114 
castings, 105 
cement, 109^ 

— — manure, 113 
-— <• mortar. 111 

pavlipg blocks, 106 

— products, 104 . 
road metal, 105 


Slag sand, 107 
wool, 116 

— danger of sulphur in, 122 

— method of manufacture, 120 

sound proofing, 118 

Smithy tools and their uses, 123 
Snakes, mounting, 286 

Soap, 143 

— — adulterants, 162 

almond, 169 

antimonial, 167 

arsenical, 286 

iMills, 174 

bar, 166 

boracic, 167 

bouquet, 170 

bubbles, mixture for, 174 

camphor, 167 

savonette, 167 

carbolic acid, 167 

— card, 149 

carpet cleansing, 166 

cinnamon, 170 

cocoanut-oil, 166 

cold process, 147 

cold processes, 151 

colouring, 166 

disinfectaDt, 168 

— — dye, 166 
— - engineers, 166 

English silver, 172 

essence, 174 

extract, 173 

fitted, 149 

filling, 167, 162 

floating, 166 

flowers of Erin, 170 

fluid, 174 

glycerine, 170 

hard, 166 

water, 167 

harness, 167 

honey, 170 

idithyol, 168 

insecticide, 168 

iodine, 168 

lavender, 170 

marble cleansing, 167 

marine, 148 

materials, 143 

medicated, 167 

mercurial, 168 

milled, 158 

miecellaneouB receipts, 178 

• Morfit’s process, 146 

mottled, 149 

mnsk, 170 

opaque, 161 

orange-flower, 171 

palm oil, 169 

perftuned, 169 

perfumer’s, 147 

polishing, 172 

potash, 144 

powdell, 172 

— — preparation of lyee, 164 

primrose, l7l 

processes, 145 
ja— pumice stone, 173 
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S^p, remelted, 165 

resiu, 151, 173 

> — rondoletia, 171 
- — rose, I7l , 

_ 6and. 174 
— savol, 169 

shaving, 173 

cream, in 

soft, 148, 174 

sulphur, 169 

tablets, 159 

— - tallow, 177 
resin, 178 


tar, 169 

— — testing materials, 163 

toilet, 151 

transparent, 163, 177 

violet, 171 

wash balls, 161 

— Windsor, 171 
Soda, 180 

bicarbonate, 181 

carbonate. 181 

— — caustic, 181 
— - silicate, 182 

— solution, testing, 182 

stains, removing, 182 

stannate, 18 1 

•>— sulphate, concentrating by cold, 16 

snlphur, 181 

use in mixing cement, 182 
>— • washing, cleaning discoloured, 1 h 2 
Soft hammers, 39i) 

soaps, 148, 174 

— soldering, 196 
solders, 183 

— ^ stone, hardening, 259 

water, eflfect on iron pipes, 478 
Softening files, 351 

iron and steel, 350 

water, 473 

Solder, 183 

— - cold soldering, 186 
— — dry soldering, 186 
expanding, 186 


fluids, 186 

. — fluxes, 185 

for aluminium, 183 

....... bronse, 186 

Jewellery, 187 

paste, 186 

plumbers’ work, 188 

silvering on, 96 

soft, 183 

— — solderlne, 186 

stereotype, 242 

Soldering branch Joints, 190 

bnuiniL 198 

— tend J^ts, 191 
Brita^a metal, 196 
— — flanoe Joints, 189 • 

.e — hard, 198 

Iron,. electrical, 193 
.'i4.>~%latnpi, 196 

overcast Joints, 189 * 

plumber's blowpipe, 195 
— — round itdnU. J.91 

soft, 196 ' 

MereoWpe ^ates, 241 


Soldering^^ joints, 191 
— ^^underhand joints, *18% 

— - upright joints, 188 

wiping cloths, 192 

Solventsftbr Indiarubber, 489 
Soundproofing, 118 
Spanish white, 619 
Spiral splice, 627 
Spirit varnishes, 413 
Splicing, 407 

Liverpool, 527 

long, 408 

short, 407 

spiral, 627 

— — thimbles, 626 • 

wire ropes. 407, 624 

Spring plate, welding, 142 

Springs, hardening and tempering, 338,342 

Square lioles, drilling, 384 

snn dials, 282 

Stained ceilings, remedyinf, 616 
Staining, aniline dyes, 207 

bricks, 213 

floors, 200 

horn, 201 

horsehair, 202 

ivory, 201 

leather, 203 

mahogany colour, 220 

paper, 209 

— picture frames, 219 
plaster, 213 

rein leather, 207 

stone, 213 

— table tops, 215 

walking sticks, 463 

wood, 214 

Stains and staining, 200 

Chippendale, 221 

coloured, 221 

fumigating oak, 225 

mahogany, 220 

maple, 221 

oak, 221 

rosewood, 223 

satinwood, 223 

walnut, 223 

Stannate of soda, 181 
Steam loop, 226 

pipes, slag wool covering for, 120 

Steatite paint, 519 
Steel annealing. 336 

casehardening. 327 

corrosion of, 28 

restoring burnt, 346 

softening, 350 

tinning hard; 369 

varnish for, 424 

Stereo metal, 246 
Stereotyping, 227 

— bending platei, 243 

boolftlnC^s stereos, 246» 

casting curved plat^ 242 

casting from woodbloclm, S48 

damage to type, 246 

halftones and t}iM, 246 

— inerting Mocks and electros taiplaws^ 

moisture In mcmld, 244 
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stereotyping, mounting, 246 

paper procw, 22? 

iJbeatlT^;,232 

« — casting, 234 

drying the mould,^33 

finishing plates, 239 

flong, 228 

mounting, 239 < 

paste, 229 

(airing plates, 240 


tohni 


„lmmlng the plate, 231 

working details, 228 

— plaster process, 241 

^ bakljpg mould, 250 

betWllng and squaring the 

• plate, 263 

casting, 260 , 

the mould, 249 

filling up, 249 

flattening the plate, 252 

knocking out the iilate,*251 

- mounting the plate, 253 

preparing the forme, 249 

turning the back, 252 

to thickness, 262 


preparing formes, 231 

the metal, 248 

soldering plates, 241 

stereo metal, 246 

trimming curved plates, 243 

— wood blocks and type, 246 
Sterling’s anti-corrosive process, 35 
Stone, artificial, from slag, 118 
x— lime paint for, 618 

soft, hardening, 259 

staining, 213 

whitewashing, 812 

Stoves, antl-conosive coating for, 31 
Straightening walking sticks, 464 
Straw hats, black varnish for, 426 
plait, 260 

— Chinese matting, 265 
— . — dyeing, 264 
material, 262 

matting, 265 

..... Panama hats, 262 

Strength of ropes, 19 

Stuffing box racking, 268 

Suction gas, Crossley gas producer, 213 

fuels, 211 

National gas producer, 213 

producers, 269 

for two engines, 218 


Tangye’s producer, 216 
Sugar, concentration by cold, 16 
S^pbateofsoda. 181 
Sulphur soap. 169 
Sulphuric acid, 219 
Sun dials, circular, 281 

.... horizontal, 281 

— square, 282 

^rttcal,281 ' „ 

A. Sylvester’s process for waterprooflnghuUdlngs 
607 

Syrups, oonoentrating by cold, 16 
oooling, 16 


I 


T 

Table tops, staining, 215 ^ 

varnish, 424 

Tablet soapa, 159 
Tallow resin soaps, 118 

soaps, 111 • 

Tangye's gas producer, 276 
1'anning textiles, 603 
Tap for left hand thread, 388 
Taps and dies, hardening, 343 
Tar brush, 620 
soaps, 169 

Tarnishing of silver, preventing, 46 
Tarragon vinegar, 442 
Tarring sheet iron pipes, 42 

yarns, 21 

Taxidermy, 284 

arsenical soap, 285 

birds, 285 

preservative for, 286 

setting up, 286 

cleaning stuffed specimens, 289 

curing bird skins, 286 

fish, 284 

mounting animals, 281 

snakes, 286 

Telegraphy, 289 

instruments, 290 

— — insulators, 290 

Morse code, 293 

instrument, 292 

wireless, 293 

Telephony, 296 

— connecting liells and telephones, 324 
flomestlc circuits, 308-313 

— home-made Instruments, 321 

Hunning transmitter, 306 

Induction coils, 307 

lightning arresters, 319 

— — magneto call instruments, 319 

outside circuits, 309-315 , 

relays, 320 

transceiver, 309 

Tempering, 333 

boring tools, 346 

colour tests, 334 

glycerine bath, 361 

Influence of temperature, 333 

lead bath, 361 

— — metals, 321-362 

salt bath, 361 

Tents, waterproofing, 506 
Testing vinegar, 442 
Textiles, waterproofing, 601 
'Thermometer scales, sllvering^W 
Thimbles, splicing, 526 
Thumb-knot, 399 
Tile-laying, floors, 367 

hearthBa362 

on wood,^ 368 

slabbing tile panels, 366 

— vertical surfaces, 366 
Timber hiteh, 399 

Tin cans, using up old, 410 

oxide razor paste. 4 

recovering wj«te, 466 

’Flu-plate manufacture, 311 
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Tanning and retinning, 362«372 

boiling white process, 366 

brass, 365 

wire, 367 

^ case-hardened articles, 369 

cold process, 370 

colonr of deposit, 366 

copper, 362 

calfnaiy vessels, 363 

iron saucepans, 369 

— — wire, 368 

solutions for, 366 

zinc, 370 

Tobacco pipes, 373-381 

— briar root, 378 

charcoal, 380 

— day, 373 

— hookah, 381 

meerschaum, 380 

Tobin tube, 433 

Toilet soaps, 151 
Tools, ropemaking, 22 

keeping in condition 392 

marking, 692 

smithy, 123 

tempering, 344 

Tortolseimeil, 394-396 

imitation, 395 

Inlaying, 395 

melting, 396 

moulding, 394 

Townsend’s textile waterproofiUe; process, 502 
Transfer varnish, 428 
Transfers, 396 
Translucent sealing wax, 76 
Transparent green vami^, 423 

— soaps, 163, 177 
Tue-iron, fixing, 391 
Turpentine varnishes, 413 421 
Tylnt 398 
——fish-hooks, 406 

parcels, 406 

Type, rubber, 26 

u 

UmniKO iron rods, I3l 


V 

VAonini system of ventilation, 432 
Valve grinding, 409 
Van covers, waterproof paint for, 504 
Varnishes, 410 

— amber, dl, 421 
aniline, 423 

— anti-mst, 44 

— application, 417 
— - a^balte, 424 

— black Ji^, 426 

— — ledher, 427 

- 7 - hoQing water, to resist, 423 
~ Bnaumick Uedc, 426 « 

’'<^eahbet,420 
— eaiviaae. 439 

— coacOunther’s blade, 424 

^OoloorlOia, 432 ' 


Vamlsbea, common, 422 
— j copal, 418 

dammar, 421 

driers, 411 1 

elaftic, 421 

dammar, for paper, 431 

for engravings. 428 • 

gas balloons, 426 

glass, 427 

imitation ground glass, 427 

paintings, 428 

prints, 428 

— silver, 426 

waterproof gpods, 42r 

, paper, 6 tl 

* furniture, 424 

•; — gilt articles, 426 

green transparent, 423 

gutta percha, 427 

hard spirit, 422 

indla rubber, 426 * 

— ironwork, 424 

Japanner’s gold size, 429 

— kinds, 412 

lac-water, 428 

linseed oil, 411, 421 

mahogany, 420 

noaklng on small scale, 4i« 

manufacturing processes, 413 

map, 428 

mastic, 421 

materials, 410 

oak, 421 

oil, 412 

— photographic, 430 

plant for manufiKture, 416 

properties, 410 

removing from prints, 431 

soft brilliant, 423 

spirit, 413 

steel and iron, 424 

straw hats, 426 

table, 424 

— transfer, 428 

turpentine. 413, 421 

violins, 427 

wainscot, 420 

white. 423 

copal, 419 

Varnishing cardboani, 418 

coloured drawings, 428 

furnKure, 417 

paintings, 428 

paper, 418 

photographic prints, 431 

silk, 506 

violins, 427 

walking sticks, 464 

Ventilation, 432 

air required per person, 488 

areas of ducts, 440 

— calculating sizes of duets, CI 8 
combined system, 434 

plenum system, >434 

Royal Society oi Arts systofll, 484 

Tobin tube^ 433 

vacuum sy8tein,\432 

Vertical sun dials, 381 
Vice for saw filing, 63 
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Vinenar, 441 
aromatic, ^2, 443 

— cucumbar, «2 

garlic, 442 

hord radish, 442 

— ' raspberry, 442 

shallot, 442 

Tarragon, 442 

testing, 442 

Violet soap, 171 
Violins, varnishing, 427 
Vitriol, 2«0 

Vulcanising fabrics, Parkes’ process, 487 

waternroofe I fabrics, 487 

Wainscot wniRh«^20 
Walking-sticks, 444 

collecting raw material for, 445 

materials, 446 

method of treatment, 4*^ 

polishing, 454j 

preparmgAandles, 452 

staining, 463 

straightening, 464 

varnishing, 464 

Walls, colouring, 610 
— - damp proof paints, 608 

distempering, 612 

waterproofing, 607 

whitewashing, 610 

Walnut stain, 223 
Ward’s Inoxidislng process, 38 
Wash balls, 161 
Washable distempers, 517 
——lime paint, 619 
— - whitewash, 617 
Washing down brush, 620 
— — soda, cleaning discoloured, 182 
Waste metal, brass turnings, 456 

— — copper salts, 456 

— desllverlng plated goods, 466; ' 

— gilded articles, 468 

gold, 466 

gunmetal, 456 

— — lead ftom zinc, 470 

nickel, 470 

old tin cans, 470 

— — — • recovery, 466-470 

— — platinum, 468 

silver from plating solutions, 466 

tin, 466 

Water closets, anti-freezing, 82 

gauges, 471 

glass, 182 

— sofieulng, 473-476 

— Clarke’s process, 479 

Lawrence's process, 479 

— supplies, action of water on metals, 478 

effect of waters on pipes, 478 

— estimating rainfall, 476 

— — rainwater, 476 

— — raising water, 4B0 

— — rWer water, '477 

to isolated houses, 475 
wi.. nndergrpnnd tanks, 476 

— — — water wheels, 482 

well water, 477 
' — tuyere, fixing, 391 

wheels, 482 

Waterproof varnish, 426 


Waterproofing, 485 

boots, 499 

brickwork, 607 

buildings, 507 

concrete, 607, 608 

cuprammonium processes, 491 

damp proof paints, 608 

distempers, 61 7 

felt hats, 498 

fire hose, 498 

leather, 498 

lime paint, 619 

oil, 606 

packing paper, 600 

I)aper, 499 

— — varnishes for, 601 

— pasteboard, 499 

shoes, 499 

spreading fabrics, 486 

steatite paint, 519 

textiles, 601 

walls, 508 

whitewash, 611 

Wlllesden products, 491 

Waterproofing with indiarubber, 486 
curing fabrics, 487 
drying spread fabrics, 487 
effect of copper on fabrics, 490 
jointing and piecing fabrics, 489 
Parke’s vulcanising process, 487 
rubber substitutes, 489 
solvents for rubber, 489 
spreading fabrics, 486 
vulcanising fabrics, 487 
Waterproofing textiles, 602, 
alumina process, 602 
Bellefroid’s process, 603 
Berlin cloth. 602 
Bienvaux's process, 602 
Bullard s process, 502 
calico, 503, 604 
canvas, 604, 606 
capes, 604 
coats, 504 

Cooley’s process, 606 
Dnjardin’s process, 606 
horsecloths, 604 
invisible, 603 
leggings, 604 
linen, 504, 605 
Ijowry’s process, 501 
oilcloth, 506 
Paut's process, 502 
Parone's process, £06 
Relmann’s process, 602 
sailcloth, 604, 606 
silk, 606 

Townsend’s process, 602 
van covers, 604 
woollens, 604, 506, 

Weaver’s kna(, 401 
Webb saws, 69 
Weed killers, 609 
Weight of ropes, 24 
Welding cas^iron, 142 

cast-steel, 140 

flux, 141 

iron, 141 , 

method, 132, 184 
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Welding BpriDg plate, 14S 

Bteel, 140 

Weil water.., 4?7 

Whipping rope^^ 401 

White metal for wire rope aockets, 529 

varnlah, 423 

Whitewash, waterpnK)f, 611 
WhitewasbinK, 610 

brick, 810, 612 

— — brushes, 520 
outside work, 518 
—— stone, 612 

whiting, 619 

wood, 612 

Whiting, 519 

Willesden prodncts, 491 

Winding ropes, preservation of, 530 

Windsor soap, 171 

Wines, colouring, 621 

Wire ropes, 622-632 

dressing for. 530 

endless kilindo splice, 628 

j_ splice, 624 

— fixing h ises or sockets, 528 

— areasing, 622, 530 

— - handling. 622 

— — Liverpool splice, 627 

— lubricating, 632 

preservation of. 630 

spiral splice, 527 

splicing, 407 


Wire rojlb^'^aplicing tiilmbles, 625 

— ♦ in klfindo, ropes, 627 

■ tools, 824 

Wireless tei,egraphy, 203 * 

Wood, darkening natural tint, 226 

ebonisipg, 216 

lime paint for, 618 

staining, 213 

— — whitewashing, 612 
Wood's slag cement, 111 
Woods used for walking sticks, 444 
Wool, slag, 116 
Woollens, waterproofing, 804 
Woven malting, 266 e < 

• Wrinkles, defence agai&t, 443 


Y 

Yabk, preparing for rope traklng, 19 

spinning, 20 

tarring, 21 


z 

ZiMO coating of metals, 38 

effect of soft water on, 478 

preventing corrosion of, 46 

recovering lead flnro, 470 

III— Hnnlng , }70 


'/icmicliw: kuittbp n^mtaAM omwbb aim lixihed, ■ 

tOklAT WlMDUfU. STmCBTi W., AXD VVSM SUBJUtT, aSAWrOKD BTCIUP^ #4t 


“ FORWARD 


With steady stride 
Without respite 
Like rising tide, _ 

Psoceeds Y\ux\<t.’—B7rakspcare. 


FLUXITE 

'ITtat's the cry heard wherever soldering work is to be 
done. Plumbers, Electricians G.-isfitters, and other 
Metal-workers all know “ Fluxiic” is the paste flux that 

SIMPLIFIES SOLDERING 

They use it because it solders and tins even dirty 
metals without cleaning. It does not corrode and is as 
safe as resin. For tinning Brass Unions and Taps, 
for ** blowing ” compo joints— in fact, for any soldering 
job it is unequalled. Moreover, it does lead-jointing 
without solder merely by the use of blow-lamp or 
5 blow-pipe and 

SUPERSEDES LEAD-BURNING 

Anyone can do soldering work with “ Fluxitei” 

YOU WANT SOME. 

Of Ironmongers and Oils hops ^ in 6d,, Ij- and tins, 

IhAAft by THE AUTO CONTROLLER CO. 
170 Vienna Road, Bermondsey, S.E. 

(// desired some solder can k' filed into ti little “ Huxite" 
ami the two applied simulianeonslyi] 
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6930 Cylinders, Glass, diriK iihluns oi. tlie rub— lifugth 
• Dlnmetor 


7 10 li^inchee* 

5 J ® ~ ’ ” 

, 3/-^ 4/9 6/6 each. , 

6942 Plates, Glass, with Ht)U“ in ccnliP, for AVimshiiiht’B Machines - 
^ • hiamelcr “ 

O'.MS Dittor '\itli Uru'^s Sectors, VuTiiKheii— 

J)iainr'tPi 

T991 Barometer Tubes, closul one end . 

7992 „ „ witli Ih'iul and Hull) 

7993 


K 

10 

12 

14 

16 inched. 

3/- 

3/6 

4/- 

5'- 

6 - per pair. 

s 

10 

12 

14 

16 inches. 

6/6 ~ 

7/6 

~ 8 /6 

10/- 

12/- per pair. 


■acli - 9 and -/lO 
each 1/- 

iifi Used in Wheel Baroinctei- . . „ 1/3 




6970-1 

6970 Set of Electrical Apparatus, consisting of Paiwu Brush, Set of five Hells, 

Whiil, I’lih Hall l''x|u>iir.ieni. Vacuum Tube and Holder, iMilmnuniiig 
I'late and Holdei, Hectmal t'neus. Smoke Condensation Ai>|)aiatii.s, 
Fulminating 'rube, Leyden Jai, Discharger. Conducl mg Chains and Hiii'S 
Handles, with Hook of'lnstructions. without Machine . . . £1 19 0 

6971 Set of Electrical Apparatus, as ahov*', hni flinuller, with Set of two Hells. 18 0 

694S Wimshurst's Electrical Machine, best fmi«h, Klwnlte I'lates— 

6 inchea diametei , 20/- ; « inches 1 7 

7113 Battery, Bichromate, Hoiile shape, with Ebonite Top and Brass Fiitings. 

New Foim, with (’arlMui- fixed iii position by Screw«, wiihoul the use o1 
solder. I Ins is a great advantage, as in Hie event of breakage, a new 



htliiig can he lorw aided, thus avoiding the iieiesaity 

of reliiiniiig 

tlie 


whole Battery— Capacity i 

i 1 

2 litres. 


2/6 

3/6 5/ 

7/- each. 

7114 

Zincs, for ditto, with Hole drilleil and tapped— 4 

A 1 

2 litres. 


-/4“ 

‘ -/8 “ - 6 

/8 each. 

7115 

Carbons, for ditto, with Bevelled Edges and liuled ready for fixing— ^ 

2 litres. 


-/4’' 

-/6 -6 

1/- eacli. 

7116 

Bottles, for ditto, fitted with Brass Collars— 4 

* 1 

2 litres. 


-/9 

^/- 1/6 

2/~ each 

7117 

Chromic Salt, in Bottles, for charging above Battenesr- 

i 

i 1 

2 litres. 


-/3 

-/8 -^7 

1/- each. 

8008 

Rain Gautfe, Howard’s, Copper Funnel, 6 inches diameter, vfltli Measure 

. . 10/ 

8009 

„ „ Jai>anneti fin Funnel, ditto, ditto 


/ 


Spare Graduated Jars for above .... 


. eacli 1/9 


4 


ADVEimSEMKNTS. 


ivei^hing for WORKSHOP DRAWING 



Pocket of 

Itritish iniiilc Itrjiw- 
iiiji lustvumi'm', ill 

15 6, 18 6, 21 •, 
30 42/-. Tile 

oiic’i'liislrfitcd (oii- 
laitiin'-' 7 ki n 

/('(ff/s <iiul srdinl 
prill I iii'hir, No 



Ai)VKii'risK:\ii':NTs. 


Slide Rules for WORKSHOP GALOUUTION 



Tilt! CUBING (Nn Sluli- Kiilr, Hi'l u>., liaviii}' sejik'h us “Stamlaid, ’ aud in 
addition snilt's for IliidiiiK Mimiltaiin)usJ\ with the nuiiiliev luul without any ruoveiuent 
oi tlie Slide— euiics, riilK* roots, and lo^^ai ithius. Alahoiranj, with eelluloid face, 11/6. 
All Slide liiile', \iijtpln‘d tn i'ii.\e, irith I n,'>truetioih\ 

Telephone:, 8858 London Wall 

DRAWING and SURVEYING 

INSTRUMENT MANUFACTURER 

47 FINSBURY PAVEMENT, LONDON, E.C. 






o 


ADVERTISEMENTS. 


, PATENT AGENTS 

Harris & Mills 

PATENT AGENTS 

23 Southampton Buildings, Chancery Lane 
LONDON 

Telegraphic Address : “rniviLiiGE, London.” 

And at SHEFFIELD and LLANELLY 


Bstabltsbcb 1866 


PATENTS OBTAINED 

for the United Kingdom^ the Colonies, and all Foreign 
Countries, at moderate Charges* Booklet of information 
and costs gratis* 

Opi/iiom given in cases of Infringement^ and every ' 
assistance afforded to Patentees and Inventors. 
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Stresses in Girder^ and Roof Frames^ for both 
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etc.* By F. R. Johnson. 28 -plates, 215 pp. 
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A New Method of Graphic Statics applied in the 
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Reference Book for Statical Calculations. By 

F. Ruff. With diagrams, 140 pp. crown 8vo. 
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Use, By D. B. Butler. Second edition, 97 illus. 
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Structures. By W. Cain. Fourth edition, 27 
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Graphical Reinforced Concrete Design. A series 
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Concrete Construction, Methods and Cost. By 

H. P. Gillette and C. S. Hill. 310 illu£,. , 
. 690PP, 8vo. [New York, 1908) , ... net 

Engineers’ Pocket-Book of Reinforced Concrete. 

By E. L. Heidenreich. 164 illiis. 364 pp. crown 
8vo, leather, gilt edges. (New York, 1909) net 

Concrete Inspection. By C. S. Hill. 15 illus. 
179 pp. 121110. (New York, 1909) 

Reinforced Concrete. By E. McCulloch. 28 
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Concrete and Reinforced Concrete. By H. a‘ 

Reid. 715 illus. 884 pp. royal 8vo. (New York, 
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Levelling, Barometric, Trigonometric and Spirit. 
By I. O. Baker. Second edition, 15 illus. 145 
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H. and H. Ingle. 45 illus. 290 pp. crown 8vo. 

{1900) 

Ice-Making Machines. By M. Ledoux and others. 
Sixth edition. 190 pp. 181110, boards. {New 

York, 1906) net 

Brewing with Raw Grain, By T. W. Lovibond. 
75 PP* crown 8vo. {188S) 

Sugar, a Handbook for Planters and Refiners. 

By the late J. A. R. Newlands and B. E. R. 
N EWLANDS. 236 illus. 876 pp. demy 8vo. {London, 
1909) net 

Principles of Leather Manufacture. By Prof. 

Procter, ioi illus. 520 pp. medium 8vo. 
{1908) net 

Leather Industries Laboratory Handbook of 

Analytical and Experimental methods. By H. R. 
Procter. Second edition, 4 plates, 46 illus. 
450 pp. demy. 8vo. {1908),,.* net 
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Theoretical and Practical Ammonia Refrigera- 
tion. By I. I. Redwood. Sixth thousand^ 

. 15 illiis. .146 pp. square i6rao.^ (New Yoik, 1909) net 4 6 

Breweries and Maltings. By G. Scammell and 
F. CoLYEk. Second edition, 20 plates, 178 pp. 

8 VO. (1880) net 6 0 

Factory Glazes for Ceramic Engineers. By 

H. Rum-Bellow. Folio. Series A, Leadle^s 
Sanitary Glazes. (1908) 2 2 o 

Text Book of Physical Chemistry. By C. L. 

Spryers. 224 pp. demy 8vo. (New Yorh^ 1898) 9 o 

Spons’ Encyclopaedia of the Industrial Arts, 

Manufactures and Commercial Products. 

1500 illus. 2100 pp. super- royal 8vo. (1882) 

In 2 Vols. cloth net 220 

Pigments, Paints and Painting. By G. Terry. 

49 illus. 392 pp. crown 8vo. (189S) 76 

Tables for the Quantitative Estimation of the 
Sugars. By E. W kin and W. F rew. Crown 8vo. 

(1896) 60 

Workshop Receipts. For the use of Manu- 
facturers, Mechanics and Scientific Amateurs. 

New and thoroughly Revised Edition, crown 

8vo. (1909) each net 3 0 

Vol. I. Acetylene Lighting to Drying. 

223 illus. 532 pp. 

Vol. II. Dyeing to Japanning. 259 illus. 

540 pp. 

Vol. III. Jointing Pipes to Pumps. 256 
illus. 528 pp. 

Vol. IV. Rainwater Separators to Wire 
Rope, Splicing. 321 illus. 

540 pp. 

Practical Handbook on the Distillation of Alco< 
hoi from Farm Products. By F. B. Wright. 

Second edition, 60 illus. 271 pp. crown 8vo. {New 
Yofhm 7 ) net 4 6 

The Manufacture of Chocolate and other Cacao 
’ Prep^Mions, By P. Zipperer, Second edition, 

, 87 illus, i28o pp. royal 8v©. ( 1902 ) net 16 0 
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IRRIGATION. 

The Design of Channels for Irrigation and 
Drainage. H. I>. Bucklkv. 5(1 pp. crown 
Hv^. (Ji911) net 2 o 

The Irrigation Works of India. By R. B. 

Buckley. Second edition, with coloured maps 

and flans. 336 pp. 4to, cloth. [1905) ... net 220 

Irrigated India, By Hon. Alfred Deakin. With 

Map, 322 pp. 8 VO. [189S) 8 6 

Indian Storage Reservoirs, with Earthen Dams. 

By W. L. Strange. 14 plates and 53 ilhis. 379 

pp. demy Svo. [1901/) net 1 1 0 

Irrigation Farming. By L. M. Wilcox. Revised 
edition, 113 illus. pp. crown 8vo. (Neiv 
York) net 8 6 

Egyptian Irrigation. By Sir W. Willcocks. 

Second edition out of Print. 

A few copies of the First Edition [1889) are still to 
be had. Price 15s. net. 

The Nile Reservoir Dam at Assuan, and After. 

By Sir W. Willcocks. Second edition, 13 plates, 
super-royal 8vo. (1908) net 6 o 

The Assuan Reservoir and Lake Moeris. By 
Sir.W. Willcocks. With text ii:^ English, 

French and Arabic. 5 plates, 116 pp. super- 
royal 8vo. (1904) ... net 50 

The Nile in 1904. By Sir W. Willcocks. 

JO plates, 200 pp, super-royal Svo. (1904)’ net 90 
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LOGARITHM TABLES. 

Aldum’s Pocket Folding Mathematical Tables. 

Four-figure logarithms, and Anti-logarithms, 
Natural Sines, Tangents, Cotangents, Cosine?, 
Chords and Radians for all .angles from i to 90 
degrees. And Decimaliser* Table for Weights 
and Money. On folding card. Net^d. 20 copies, 
net 65. ' 

Tables of Seven-figure Logarithms of the Natural 
Numbers from i to 108,000. By C. Babbage. 
Stereotype edition, 8vo 

Short Logarithmic and other Tables. By W. C. 
Unwin. Fourth edition, small 410 

Logarithmic Land Measurement By J. Wallace. 
32 pp. royal 8vo. (1910) net 

A. B. C. Five-figure Logarithms with Tables, 
for Chemists. By C. J. Woodward. Crown 
8vo net 

A. B. C. Five-figure Logarithms for general use, 
with lateral index for ready reference. By C. J. 
Woodward. Second edition, with cut lateral 
Index, 1 16 pp. i2mo, limp leather ... net 


MARINE ENGINEERING 
AND NAYAL ARCHITECTURE. 

Marine Propellers. By S. W. Barnaby. Finn 
edition, 5 plates, 56 illus. 185 pp. demy 8vo, 
(1908),.. ...‘ net 

Marine EndneeFs Record Book: .Engines. 

By B. C. Bartley. 8v0, roan ... ... net 
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Yachting Hints^ T^ibles and Memoranda. By A; C. • 
Franiclin. Waistfoat pocket size, 103 pp. 64mo, 

• roan, gilt edges ^ -net v 0 

Steamship Coefficients, Speeds and Powers. 

By C. F. A. P'yfe. 31 plates, 280 pp. fcap. 8vo, * 
leather. {1907) net 10 6 

Steamships and Their Machinery, from first to 
last. 'By T. W. C. Haldane. 120 illus. 532 pp. 

8 VO. {ISOS) 15 o 

Tables for Constructing Ships’ Lines. By 

A. ^OGG. Third edition, 3 plates, 20 pp. 8vo, 
sewed nd 3 o 

Submarine Boats. By G. W. Hovgaakd. 2 plates, 

98 pp. crown 8vo. (1887) 50 

Tabulated Weights of Angle, Tee, Bulb, Round, 

Square, and Flat Iron and Steel for the use of 
Naval Architects, Ship-builders, etc. By C. H. 

Jordan. Sixth edition, 640 pp. royal 32mo, 

French morocco, gilt edges. (1909) ... nd 7 6 

Particulars of Dry Docks, Wet Docks, Wharves, 
etc. on the River Thames. Compiled by C. H. 

Jordan. Second edition, 7 coloured charts, 103 

pp. oblong 8vo. (1904) 26 

Marine Transport of Petroleum. By H. Little. 

66 illus. 263 pp. crown 8vo. (1890) lo 6 

Questions and Answers for Marine Engineers, 

with a Practical Treatise on Breakdowns at Sea. 

By T. Lucas. 12 folding plates, ^51 5 pp. gilt 
edges, crown 8vo. (New York ^ 1902) ... net 8 o 

Reed’s Examination Papers for Extra First 
Class Engineers. Fourth edition, 14 plates and 
igS illus. 550 pp. 8vo. (1902) ... • ... net 18 0 

Reed’s Enmneers* Handbook to the Board of 
Trade Examinations for certificates of Com- 
petency as First and Second Class Engineers. 
Nineteenth edition, 37 plates, 358 illus. ‘696 pp. 

8vo t«* *«• ••• ••• ^4 ® 
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Reed’s Marine Boilers. Second edition, crown 8vo 

• nit , 

Reed’s Useful Hints to Sea-going Engineers. 

' Fourth edition, 8 plates, 50 illus. 312 pp. crown 
8vo. (IdOS) net 


MATERIALS. 

Practical Treatise on the Strength of Materials.' 

By T. Box. Fourth edition, 27 plates, 536 ])p. 
8vo. {1902) net 

Treatise on the Origin, Progress, Prevention 
and Cure of Dry Rot in Timber. By T. A. 

Britton. 10 plates, 519 pp. crown 8vo. {tS7f>) 

Stone: how to get it and how to use it. By Major- 
Gen. C. E. Luard, R.E. 8vo, sewed. {1890) ... 

Solid Bitumens. By S. F. Peckham. 23 illus. 
324 pp. 8vo. {New York, 1909) net 

Lubricants, Oils and Greases. By 1. 1. Redwood. 

3 plates, 8 VO. {1898) net 

Practical Treatise on Mineral Oils and their 

By-Products. By I. I. Redwood. 67 illus. 336 pp. 
demy 8vo. {1897'^ 

Silico-Calcareous Sandstone, or Building Stones 
from Quartz, Sand and Lime, By E. Stoffler. 

5 plates, 8vo, sewed. {1901) rut 

Proceedings of the Fifth Congress, Inter- 
national Association for Testing Materials. 

English edition. 189 illus. 549 pp. demy 8vo. 

[moy 

Paper net 

Cloth ... „ • ... net 
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MATHEMATICS. 

Imaginary Quantities. l>y M. Argand. Trans- 
lated Prof. Hardy, i8mo, boards. (New York) 

* net 2 0 

Text Book of Practical Solid Geometry. By 

K. H. DK V. Atkinson. Revised by Major B. R. 

\VA^:iD, R.E. Second edition, 17 plates, 8vo. 

{1901) 7 6 

Quick and Easy Methods of Calculating, and 

the Theory and Use of the Slide Rule. By 
R. G. Blaine. Third edition, 6 illus, 152 pj). 
i6mo, leather cloth. (1907) 2 6 

Symbolic Algebra, or the Alj^ebra of Algebraic 
Numbers. By W. Cain. i8mo, boards. (New 
York) net 2 o 

Nautical Astronomy. By J. H. Colvin. 127 pp. 

crown, 8vo. (1901) net 2 6 

Chemical Problems. By J. C. Foye. Fourth edition, 

141 pp, i8mo, boards. (New York, 1898),.. net 2 o 

Primer of the Calculus. By E. S. Gould. Second 
edition, 24 illus. 122 pp. i8mo, boards. (New 
York, 1899) net 2 0 

Elementary Treatise on the Calculus for Engineer- 
ing Students. By J. Graham. Third edition, 

276 pp. crown 8vo. (1905). (Finsbury Technical 
Manual) 76 

• 

Manifal of the Slide Rule. By F. A. Halsey. 

Second edition, 31 illus, 84 pp. i8nio, boards. 

(New York, 1901) • ... net 20 

Reform in Chemical and Physical Calculations. 

By C. J. T. Hanssen. 4 to. *(1897) ... net 6 6 
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Algebra* Self-Taught. By P. Higgs. Third edition, 
io4ipp.crown 8vo. ( 1903 ) ... ... ' * 

A Text-book on Graphic Statics. By C. W. 

' Malcolm. 155 illus. 316 pp. 8vo. {Nciv York, 
1909 ) 

Galvanic Circuit investigated Mathematically. 

By G. S. Ohm. Translated by William Francil. 
269 pp. i8nio, boards. (Neisi Yorh, 1 S 91 ) ... net 

Elementaiy Practical Mathematics. By M. T.| 

Ormsby. Second edition. 420 pp. deiny 8vo. 
( 1911 ) net 

Elements of Graphic Statics. By K. Vo.n Ott. 
Translated by G. S. Clarke. 93 illus. 128 pp. 
crown 8vo. ( 1901 ) 

Figure of the Earth. By F. C. Roberts. i8mo, 
boards. (New York) net 

Arithmetic ot Electricity. By T. O’C. Sloane. 
Thirteenth edition, crown 8vo. (New York, 
1901 ) net 

Graphic Method for Solving certain Questions 
in Arithmetic or Algebra. By G. L. Vose. 
Second edition with 28 illus. 62 pp. i8nio, boards. 
(New York, 1902 ) net 

Probl'ems in Electricity. A Graduated Collection 
comprising all branches of Electrical Science. 
By R. Weber. Translated from the French by 
E. A. O’Keefe. 34 illus. 366 pp. crown 8vo 
( 1902 ) ...^ net 
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MECHANICAL ENGINEERING. 

Steam Engines and Boilers, etc, 

Handbpokftfor Mechanical Engineers. By Hy. 

Adams? Fourth edition, 426 pp. crown 8vo. 


(1897) 

net 

4 

6 

Appleby’ci Handbooks of Machinery. 

Many 



illustrations, 8vo. Sections 2, 3, 4 and 6... 

each 

3 

6 

Section 5 

••• 

5 

0 


Section I.— Prime Movers. Out of Print 

Section 2. — Hoisting Machinery, Winding Engines, etc. 

Section 3 . — Out of print 

Section 4. — Machine Tools and Accessories. 

Section 5. — Contractors’ Plant and Railway Materials. 

Section 6.— Mining, Colonial and Manufacturing Machinery. 

Engineers’ Sketch Book of Mechanical Move- 
ments. By T. W, Barber. Fifth edition, 3000 
illus. 355 pp. 8vo. {190Q) iMi 10 6 

The Repair and Maintenance of Machinery. By 

T.W. Barber. 417 illus. 476 pp. 8vo. ... 10 6 

Slide Valve and its Functions, with special 
reference to Modern Practice in the United 
States. By J. Begtrup. 90 diagrams, 146 pp. 
medium 8vo. York, 1902) net 80 

Practical Treatise on Mill Gearing. By T. Box. 

Fifth edition, ii plates, 128 pp. crown 8vo. 

(1892) 76 

Safety Vsdves. By R. H. Buell. ThixA edition, 

2o111us. 100 pp. i8mo, boards. (New York, 1898) 

net 20 

Machine Design. By Prof. W. L. Cathcart. 

Part I. Fastenings. 123 illus. 231 pp. 

demy 8vo. (New York, 1903) ... net 12 6 
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Chimney -Design and Theory. By W, W. 

Christie. Second edition, 54 tillusl 192 pp. ^ 

, crown j8m {New York y 1902) ^ ... net 

Furnace Draft : its Production by Mechanical 
' Methods. By W. W. Christie. 5 illus. 80 pp. ' 
i8mo, boards. {New Yorky 1906) net 

Working and Management of Steam Boilers 
and Engines. By F. Colyer. Second edition, 
108 pp. crown 8vo. {1902) '... 

The Stokers’ Catechism. 'By .W. J. Connor. 

63 pp. limp cloth. {1906) net 

Treatise on the use of Belting for the Transmission 
of Power. By J. H. Cooper. Fifth edition, 94 illus. 
399 pp. demy 8vo. {New York, 1901) ... net 

The Steam Engine considered as a Thermo- 
dynamic Machine. ByJ. H. CoTTERiLL. Third 
edition, 39 diagrams, 444 pp. 8vo. {1896) 

Fireman’s Guide, a Handbook on the Care of 
Boilers. By K. P. Dahlstrom. Eleventh edition, 
fcap. 8vo, limp. (S. & C. Series, No. 16.) (New 
York, 1906) net 

Heat for Engineers. By C. R. Darling, no illus. 
430 pp. 8vo. 11908.) (Finsbury Technical 

Manual.) net 

Diseases of a Gasolene Automobile, and How to 

Cure Them. By A. L. Dyke. 127 illus. 201 pp. 
crown 8vo. {New Yorky 190S) net 

Belt Driving. By G. Halliday. 3 folding plates, 
100 pp. 8vo. {1894) 

Worm and Spiral Gearing. By F. A. Halsey. 

13 plates, 85 pp. i8mo, boards. {New Yorky 1903) 

net 

Commercial Efficiency of Steam Boilers. By*, 
A. Hanssen. Large 8vo, sewed. (1898) 

Corliss Engine. By J. T. Henthorn. Third 

edition, ^23 illus. 95 pp. square i6mo. (S. & C. 
Series, No! 23.) (New.Yorky 1910 ) ... net 
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Liquid Fuel for M^dianical and Industrial Purposes. 

^ By E.*A. Braylky Hodgetts. io 6 illus. 129 pp. 

8vo.* {mO) ... • ... .... , 

Elementary Text-Book on Steam Engines and 
Boilers. By J. H. Kinealy. Fourth edition, 

106 illus. 259 pp. 8vo. (New York, 1908 ) ... nei 8 6 

Centrifugal Fans. By J. II. Kinealy. 33 illus. 

206 ppT leap. 8vo, leather. (New York, 1905 ) net 12 6 

Mechanical Draft. ByJ. H. Kinealy. 27 original 
tables and 13 plates, 142 pp. crown 8vo. (New 
York,' 1906 ) ... ... ... ... ... net 8 6 

The A. B. C. of the Steam Engine, with a 
description of the Automatic Governor. By 
J. P. Lisk. 6 plates, i2mo. (S. & C. Series, 

No. 17.) (New York, 1910 ) net 1 6 

Valve Setting Record Book. By P. A. Low. 8vo, 

boards i 6 

The Lay-out of Corliss Valve Gears. By S. A. 

Moss. Second edition, 3 plates, 108 pp. i8mo, 
boards. (Netv York, 1906 ) net 20 

Steam Boilers, their Management and Working. 

ByJ. Peattie. Fifth edition, 35 illus. 230 pp. 
crown 8vo. ( 1906 ) net 46 

Treatise on the Richards Steam Engine Indi- 
• cator. By C. T. Porter. Sixth edition, 3 plates 
and 73 diagrams, 285 pp. 8vo. ( 190 ^) ... 90 

Practical Treatise on the Steam Engine. By 

A. Rigg. Second edition, 103 plates, 378 pp. 
demy 4to. ( 1694 ) 150 

Power and its Transmission. A Practical Hand- 
boerk for the Factory and Works Manager. By 
T. A. Smith. 76 pp. leap. 8vo. ( 1910 ) .., net 2 o 

Drawing for Medium Sized Repetition Work. 

By K. D. Spinney. With 47 illus. 130 pp. 8vo. 

( 1909 ) • net 3 6 
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Slide Valve Simply Explained. By AV. J. Ten- 
nant. Rcvisexl by J. H. Kinea;Ly. 41 illufe. , 

• 83 pp. crown 8vo. (Nett/ Yqrk, 1S99) , ... mt ^ 4 *6 

Shclft Governors. By W. Trinks and C. Hoosum. 

27 ilhis. 97 pp. 181110, boards. [Nm> Yorli, 1905) 

net 2 o 

Slide and Piston Valve Geared Steam Engines. 

By W. H. Uhland. 47 plates and 314 illus. 155 pp. 

Two vols. folio, half morocco. (1882) ... I., i 16 o 

How to run Engines and Boilers. By E. P. 

Watson. Fifth edition, 31 illus. 160 pp. crown 

8vo. (New York, 1904) • 3 ^ 

Position Diagram of Cylinder with Meyer Cut- 
off. By AV. H. Weightman. On card. (New 
York) net i o 

Practical Method of Designing Slide Valve 
Gearing. By E. J. Welch, 69 diagrams, 283 pp. 

Crown 8 VO. (1890) 6 0 

Elements of Mechanics. By T. W. Wright. 

Eighth edition, illustrated, 382 pp. 8vo. (New 

York, 1909) net 10 6 


WETALLURCY. 

Iron and Steel Manufacture. 

Life of Railway Axles. By T. Andrews. 8vo, 

sewed. ( 1895 ) i 0 

Microscopic Internal Flaws in Steel Rails and 
Propdler Shafts. By T. Andrews. 8vo, sewed. 

( 1896 ) I o 

Microscopic Internal Flaws, Inducing Fracture 

in Steel. ByJT. Andrews. 8vo, sewed. ( 1896 ) 2 o 

Relations between the Effects of Stresses slowly 
applied and of. Stresses suddenly applied in the 
case of. Iron and Steel: Comparative Tests 
with Notched and Plain Bars. By P. Breuil. 

23 plates and 60 illus. 151 pp. 8vo. ( 1904 ) net 80 



E. A P. N. SPON, Limitep. ^ 37 

Brassfounders’ Alloys. By J. F. Buchanan. Ulus- * 

trated* 129 pp. crown 8vo. { 1905 ) ... net 4^6 

Foundry Nomenclature. The Moulder’s Pocket 

Dictionary and concise guide to Foundry Prac- • 

tice. By John F. Buchanan. Illustrated, 225 pp. 
crown 8vo. ( 190 S) net 5 o 

American Standard Specifications for Steel. By 
A.*L.*Colbv. Second edition, revised, 103 pp. 
efrown 8vo. (New Yorh^ 190 net 5 0 

Galvanised Iron: its Manufacture and Uses. By 

J. Davies. 139 pp. 8yo. ( 1899 ) net 5 o 

Management of Steel. By G. Ede. Seventh 

edition, 216 pp. crown 8vo. ( 1908 ) 50 

Galvanising and Tinning, with a special Chapter 
on Tinning Grey Iron Castings. By W. T. 

Flanders. 8vo. (New York) net 8 6 

The Frodair Handbook for Ironfounders. i6o 

pp. 121110. ( 1910 ) net 2 o 

Cupola Furnace. A practical treatise on the 
Construction and Management of Foundry 
Cupolas. By E. Kirk. Third edition, 106 illus. 

484 pp. demy 8vo. (New York^ 1910 ) ... net 15 o 

Practical Notes on Pipe Founding. By J. W. 

Macfarlane. 15 plates, 148 pp. 8vo 12 6 

Atlas of Designs concerning Blast Furnace 
Practice. By M. A. Pavloff. 127 plates, 14 in. 
by I oi in. oblong, sewed. ( 1902 ) net 1 1 0 

Album of Drawings relating to the Manufacture 
of Open Hearth Steel. By M. A. Pavloff. 

, Part I. Open Hearth Furnaces. 52 
• • plates, 14 in. by loj in. oblong folio in 

portfolio. ( 1904 ) net 12 0 

Metallography Applied to Siderurgic Products. 

By H. Savoia. Translated by K. G. Cprbet. 

With 94 illus. 180 pp. crown 8vo. ( 1910 ) net 4 6 
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Modern Foundry Practice. Including revised 
subject matter and tables from Spretson’c , 

. “ Casting and Founding.” ByJ. Sha^p. Second , 
edition, 272 illus. 759 pp. 8vo. ( 1905 ) ... net i i 0 

Roll Turning for Sections in Steel and Iron. 

By A. Spencer. Second edition, 78 plates, 4to. 

( 1894 ) I 10 o 


METRIC TABLES, 

French Measure and English Equivalents. By 

J. Brook. Second edition, 80 pp. fcap. 32mo, 

roan. ( 1906 ) net i o 

A Dictionary of Metric and other useful Mea- 
sures. By L. Clark. 113 pp. 8vo. ( 1891 ) ... 6 0 

English Weights, with their Equivalents in 
kilogrammes. By F. W. A. Logan. 96 pp. 
fcap. 32mo, roan. ( 1906 ) net i 0 

Metric Weights with English Equivalents. By 

H. P. McCartney. 84 pp. fcap. 321110. ( 1907 ) 

net I 0 • 

Metric Tables. By Sir G. L. Molesworth. Fourth 

edition, 95 pp. royal 321110. ( 1909 ) ... net 2 0 

Tables for Setting out Curves from 200 metres 
to 4000 metres by tangential angles. By H. 
Williamson. 4 illus. 60 pp. i8mo. ( 1908 ) net 2 0 


MINERALOGY AND MINING. 

Rock Blastina:. By G. G. Andre. 12 plates and 

56 illu,s. in text,, 202 pp. 8vo. ( 1878 ) 50 

Winding .Plants for Great Depth. By H. C. 

Behr. In two parts. 8vo, sewed. ( 190 ^) net 220 
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Practical Treatiae* on Hydraulic Mining in 
. California. By •A. J. Bowie, Jun. Tenth 
edition, 73 iilus.1313 pp. royal 8vo. (New Yofk, 

1905) net i i o 

Tables* for the Determination of Common 
Rocks. By O. Bowles. 64 pp. i8mo, boards. 

(Van Natrand Series, No. 125.) {New York, 

1910) net 20 

Manual (ff Assaying Gold, Silver, Copper and 
Lead Ores. By W. J.. Brown. Twelfth edition, 

132 illus. 589 pp. crown 8vo. [New York, 1907) net 10 6 

Fire Assaying. By E. W. Buskett. 69 illus. 

105 pp. crown 8vo. (New York, 1907) ... net 4 6 

Tin : Describing the Chief Methods of Mining, Dress* 
ing, etc. By A. G. Charleton. 15 plates, 83 pp. 
crown 8 VO. (1884) 12 6 

Gold Mining and Milling in Western Australia, 
with Notes upon Telluride Treatment, Costs and 
Mining Practice in other Fields. By A. G. 
Charleton. 82 illus. and numerous plans and 
tables, 648 pp. super-royal 8vo. (1908) ... net i ^ 0 

Miners’ Geology and Prospectors’ Guide. By 

G. A. CoRDER. 29 plates, 224 pp. crown 8vo. 

(1907) net 5 o 

Blasting of Rock in Mines, Quarries, Tunnels, 
etc. By A. W. and Z. W. Daw, Second edition, 

90 illus. 316 pp. demy 8vo. (1909) ... net 15 o 

Handbook of Mineralogy ; determination and de- 
scription of Minerals found in the United States. 

By J. C. Foye. i8mo, boards. (New York, 1886) 

net 2 0 

Conversations on Mines. By W. Hopton. Ninth 

edition, 33 illus. 356 pp. crown 8 vo. (1891) ... 4 ^ 

Our CcflaJ Resources at the End of the ISineteenth 
Cdhtury. By Prof. E. Hull. 157 pp. demy 8vo. 

(1897) ^ 60 

Hydraulic Gold Miners’ M^ual. By T. S., G.. 

Kirkpatrick, Second edition, 12 illus. .46 pp. 
crown 8vo. (1897) • 4 0 
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Economic Mining. By C. G. W. Lock! ( 175 illus. 

680 pp. 8vo. (1895) ... ... ne( * 

Gold Milling : Principles and Practice. By C. G. W. 

' Lock. 200 illus. 850 pp. demy 8vo. (1901) net ^ 1 

Mining and Ore-Dressing Machinery. By 

C. G. W. Lock. 639 illus. 466 pp. super-royal 4to. 
(1890) ,... 

Miners’ Pocket Book. By Q G. W. Lock. Fifth 
edition, 233 illus. 624 pp. fcap*. 8vo, roan, gilt 
edges. (1908) net 

% 

Tests for Ores, Minerals and Metals of Com- 
mercial Value. By R. L. McMechen. , 152 pp. 
i2mo, (New York^ 1907) net 

Practical Handbook for the Working Miner 
and Prospector, and the Mining Investor. By 
J. A. Miller. 34 illus. 234 pp. crown 8vo. 
(1897) 

Theo^ and Practice of Centrifugal Ventilating 
Machines. By D. Murgue. 7 illus. 81 pp. 8vo. 
(1883) 

Examples of Coal Mining Plant. By J. Povey- 
Harper. Second edition, 40 plates, 26 in. by 
20 in. (1895) ... net 4 

Examples of Coal Mining Plant, Second Series. 

By J. Povey-Harper. 10 plates, 26 in. by 20 in. 

• (1902) net i 


MODELS AND MODEL MAKING 

How to Build a, Model Yacht. By H. Fisher. * 
Numerous illustrations, 50 pp. 4to. (New Yorh\ ^ 
1902) net 

Model Engines and Small Boats. By N. M. 

Hopkras. ,50 illus. crown 8vo. (New York^ 1898) 

* net 
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The Model Vaudeville Theatre. By N. -H/ 

ScHNiiiDER. 54 iUus. 90 pp. crown ??vo, limp. 
• (S. & C. Series^ No. 15.)^ New York, 1910) • . ... 

£lecti;ic Toy-Making. By T. 0 , Sloan e. Fif- 
teenth edition, 70 illus. 183 pp. crown 8vo. (New 
York, 190S) net 

Model Steam Engine Design. By R. M. De 

VtcNfER. 34 illus. 94 j)p. crown 8vo, limp. (S. & C. 
Series, No. 9.) (New York, 1907) ... net 

Small Engines and Boilers. By E. P. Watson. 
30 kill page working drawings, crown 8vo. (New 
York, 1890) ... ... ... ... ... net 


ORGANISATIOK. 

Accounts, Contracts and Management. 


Organisation of Gold Mining Business^ with 
Specimens of the Departmental Report Books 
and the Account Books. By Nicol Brown. 
Second edition, 220 pp. fcap. folio. (1908) net 

Cost Keeping and Management Engineering. 

A Treatise for those engaged in Engineering Con- 
struction. By H. P. Gillette and R. T. Dana. 
With 184 illus. 346 pp. 8 vo. New York, 1909) net 

Manual of Engineering Specifications and Con- 
tracts. By L. M. Haupt. Eighth edition, 338 pp. 
8 vo. (New York, 1900) net 

Handbook on Railway Stores Management. 

By W. 0. Kempthorne. 268 pp..demy 8vo. 
{I9d7) .. ... net 

Depreciation of Factories, Municipal, and In- 
dustrial Undertakings, and their Valuation.^ By 
E. Matheson, Fourth edition, 230 pp. * 8 vo, 
cloth. (1910) net 
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Aid Book to Engineering Enterprise. By E. 

Matheson. Third edition, 916 pp. 8vo, buckranif 
, { 1898 ) ^ 'i^ 4 d- 

Office Management. A handbook for Architects 
and Civil Engineers. By W. Kaye Parry. 

New impression, 187 pp. medium 8vo. ( 1908 ) net 5 o 

Commercial Organisation of Engineering Fac- 
tories. By H. Spenxlk. 92 illus. 221 jip. 8v6f * 

{ 1907 ) net 10 6 


PHYSICS. 

Colour, Heat and Experimental Science. 

The Entropy Diagram and its Applications. By 

M. J. Boulvin. 38 illus, 82 pp. demy 8vo. { 1898 ) 5 o 

Physical Problems and their Solution. By A. 

Bourgougnon. 224 pp. i8mo, boards, (New 

York, 1897 ) ' net 2 0 

Heat for Engineers. ByC. R. Darling. 110 illus. 

430 pp. 8vo. { 1908 ) (Finsbury Technical 
Manual) net 12 6 

The Colourist. A method of determining colour 
harmony. By J. A. H. Hatt. 2 coloured plates, 

80 pp. 8vo, {New York, 1908 ) net 6 6 

Engineering Thermodynamics. By C. F. Hjrsch- 
FELU. 22 illus. 157 pp. i8mo, boards. {New York, 

1907 ) net 2 o 

Experimental Science : Elementary, Practical and t 
‘ Experimental Physics. By G. M. Hopkins. * • 
Twenty-third edition, 920 illus. 1 100 pp. large 8vo. 

' ' iNew York, 1902 ) • net i i 0 

* Reform in Cfiemical and Physical Calculations. 

By C. J. T. Hanssen. Demy4to. ( 1897 ) mi 6 6 
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Introduction to the^ Study of Colour Phenomena*. 

By J. W. Lo’iiBOND. 10 hand coloured plates^ 

48 pp. 8vo. [ 1905 f ... ... ... .net 5 *0 

• * * * * 
Practical Laws and Data on the Condensation 
of*Steam in Bare Pipes ; to which is added a 
Translation of Peclrt’s Theory and Experi- 
ments on the Transmission of llcat throiif^h In- 
sulating Materials. By C. P. Paulding. 184 
ilUs. pp. demy 8vo. {New York, 1 U 0 J,) net 8 6 

The* Energy Chart. Practical application to 
reciprocating steam-engines. By Captain H. K. 

Sankey. 157 illus. 170 pp. 8vo. {J 907 ) ... net 7 6 


PRICE BOOKS. 

Approximate Estimates. By T. E. Coleman. 

Third edition, 481 pp. oblong ^21110, leather. 

( 1907 ) net 5 0 

Railway Stores Price Book. By W. 0 . Kemp- 

THORNH. 500 pp. demy 8vo. ( 1900 ) ... net 10 6 

Handbook of Cost Data for Contractors and 
Engineers. By H. P. Gillette. 1854 pp. 
crown 8vo, leather, gilt edges. (New York, 1910 ) 

mt i i o 

Telephone Construction, Methods and Cost. 

By C. Mayer. With Appendices on the cost of 
Materials and Labour. By J. E. Slippy. 103 

illus. 284 pp. crown 8vo. (Neiv York) ... net 12 6 

Concrete Construction, Methods and Cost. By 

H. P. Gillette and C. S. Hill. 310 illus. 690 

pp. 8 VO. {New York, 1908 ) net i i 0 

Spon§'* Architects’ and Builders’ Pocket Price- 
Book and Diary, 1911. Edited by Clyde 
Young. Revised by Stanford M. Brpoks. Illus- 
trated, 239 pp. green leather cloth. With Diary 
showing a week at an opening. (Size 6]^ in. by 
3J in. by J in. thick). Issued annually ... net 26 
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RAILWAY ENGINEERING. 

Practical Hints to Young Engineers Employed 
on Indian Railways. By A. W. C. Addis. 

With 14 illus. 154 pp. 121110. (1910) ... net 36 

Railroad Curves and Earthwork. By C. F. 

Allen. Third edition, 4 plates; 19(8 pp. 121110, 

, leather, gilt edges. (New Yorh^ 190S) ... net 8 6 

h 

Field and Office Tables, specially applicable to 
Railroads, By C. F. Allen. 293 pp. i6mo, 

leather. (New Yorky 190S) net 8 6 

The two above combined in one voL limp leather ... itet 126 

Up-to-date Air Brake Catechism. By R. H. 

Blackall. Twenty-third edit. 5 coloured plates, 

96 illus. 305 pp. crown 8vo. (New Yorky 190H) net 8 6 

Simple and Automatic Vacuum Brakes. By C. 

Briggs, G.N.R. 1 1 plates, 8vo. (1892) ... 4 0 

Notes on Permanent-way Material, Plate-laying, 
and Points and Crossings. By W. H. Cole. 

Sixth Edition in the Press. 

Statistical Tables of the Working of Railways 

in various countries up to the year 1904. By 

i f. D. Diacomidis. Second edition, 84 pp. small 
olio, sewed. (1906) net 16 0 

Locomotive Breakdowns, Emergencies and their 
Remedies. By Geo. L. Fowler, M.E. and W. W. 

Wood. Fifth edition, 92 illus. 266 pp. 121110. 

(New Yorky 1908) net ^ 46 

• I 

Permanent-Way Diagrams. By F. H. Frerh. 

Mounted on lineq in cloth covers. (1908) net 3 o 

* Formula for Railway Crossings and Switches. 

By J. Glover. 9 illus. 28 pp. royal 32mo. (1896 2 6 
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Data relating tq ‘Railway Curves and Super- 
elevations, shown^raphically. By J. H. Haiste. 

* 0/1 folding cardJfor pockcJt use ’ o' 6 

Setting out of Tube Railways. By G. M. Halden. • 

9 plates, 46 illus. 68 pp. crown 4to. [1907) net 10 6 

Railway Engineering, Mechanical and Electrical. 

Bv J. JV. C. Haldane. 141 illus. 563 pp. 8vo. 

[imy 15 0 

Tables for setting-out feailway Curves. By C. P. 

Hogg. A series of cards in neat cloth case ... 46 

The Construction of the Modern Locomotive. 

By G. Hughes. 300 illus. 261 pp. 8vo. (189Ji) 9 0 

Practical Hints for Light Railways at Home and 
Abroad. By F. R. Johnson. 6 plates, 31 pp. 
crown 8vo. (1896) 2 6 

Handbook on Railway Stores Management. By 

W. 0. Kempthorne. 268 pp. demy 8vo. (1907) 

net 10 6 

Railway Stores Price Book. By W. 0 . Kemp- 

THORNE. 487 pp. demy 8 VO. (1909) ... net 10 6 

Tables for setting out Curves for Railways, Roads, 

Canals, etc. By A. Kennedy and R. W. Hack- 
wood. 32mo net 2 c 

Railroad Location Surveys and Estimates. By 

F. Lavis. 68 illus. 270 pp. 8vo. (New York^ 1906) 

net 12 t 

Tables for Computing the Contents of Earth- 
work in the Cuttings and Embankments of 
Railways. By W. Macgregor. Royal 8vo ... 6 ( 

Bridge and Tunnel Centres. By J. B. McMasters. 
Illustrated, 106 pp. i8mo, boards. (New Yorky 
1893) 2 < 

Pioneering. By F. Shelford. Illustrated, 88 pp. 

crown 8vo. (1909) 3 < 
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Handbook on Railway Surveying fo*! .Students 
and Junior Engineeis. By B. Stkwakt. • 

' illus. gS'pp. crown 8vo. (1909) ... r ... net ' t 2 6 

Spiral Tables. By J. G. Sullivan. 47 pp. 121110, ' 

leather. (New York, 190S) net 6 6 

Modern British Locomotives. By A. T. Taylor. 

100 diagrams of principal dimensions, 118 t 
oblong 8yo. (1907) ... nk . 4 6 

Locomotive Slide Valve Setting. By C. E. Tully. 

Illustrated, i 8 mo ... ... ... ... ^ 10 

The Walschaert Locomotive Valve Gear. By 

W. W. Wood. 4 plates and set of movable card- 
board working models of the valves, 193 pp. 
crown 8vo. (New York, 1907) net 6 6 

The Westinghouse E.T. Air-Brake Instruction 
Pocket Book. By W. W. Wood. illus. 
including many coloured plates, 242 pp. crown 
8vo. (New York, 1909) net 8 6 


SANITATION, PUBLIC HEALTH AND 
MUNICIPAL ENGINEERING. 

Sewers and Drains for Populous Districts. By 

J. W. Adams. Ninth ecfition, 81 illus. 236 pp. 

8 vo. (New York, 1902) net 10 6 

Public Abattoirs, their Planning, Design and Equip- 
ment. By R. S. Ayling. 33 plates, 100 pp. 
demy 4 to. (1908) net 8 6 

Sewage Purifjcatibn. By E. Bailry-Drnton. 8 » « 

plates, 44 pp. 8 vo. (1890) '50 

Water Suppjy and Sewerage of Country Man- 
sions and pstates. By E. Bailey-Denton. 

76 pp. crown 8 vo. (1901f) net 2 6 
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Sewerage and %wage Purification. I^y M. N. 

Bakf.h. Second efUtion, 144 pp. iSnio, boards. 
{jyew York, 1905^ ’ •net 

Sewage Irrigation by Farmers. By R. W. P. 

Birch. 8vo, sewed. {1H7S) 

Sewage Disposal in the Tropics. By W. W. 
Clemesha, M.D. 24 plates, 232 pp. Svo. (1910) 

• •* net 

'Sanitary House Drainage, its Principles and 
Practice, By T. E. Coleman. 98 illiis. 206 pp. 
cro)yn 8vo. (ISOO) 

Stable Sanitation and Construction. By T. E. 

Coleman. 183 illus. 226 pp. crown Svo. (1897) 

Public Institutions, tlieir Engineering, Sanitary and 
other Appliances. By F. Colyer. 231 pp. Svo. 
(1889) net 

Discharge of Pipes and Culverts. By P. M. 

Crosthwaite. Large folding sheet in case net 

A Complete and Practical Treatise on Plumbing 
and Sanitation : Hot Water Supply, Warm- 
ing and Ventilation, Steam Cooking, Gas, 
Electric Light, Bells, etc., with a complete 
Schedule of Prices of Plumber’s Work. By 
G. B. Davis and F. Dye. 2 vols. 637 illus. and 
21 folding plates, 830 pp. 4to, cloth. (1899) net 

Standard Practical Plumbing. By P. J. Davies. 
Vol. I. Fourth edition, 768 illus. 355 pp. royal 

Svo. (1905) net 

Vol. II. Second edition, 953 illus. 805 pp. 

(1905) net 

Vol. III. 313 illus. 204 pp. (1905) ... net 

Conseiwancy, or Dry Sanitation versps Water 
CfU-Kage. By J. Donkin, 7 plates, 33 pp. 8vo, 
sewed. (1906) net 

Sewage Disposal Works, their Design and Con- 
struction. By W. C. Easdale. With 160 illus, 
264 pp, demy Svo. (1910 ) ... • net 
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House Drainage, and Sanitary Plumbipg. By 

W. Pi Gerhard. Tenth edition, d illus. 231 pfx , 
- i8mo, boards. (New Yerh^ 1Q02) ... , ... net 

Engineering Work in Towns and Cities. By 

E. McCulloch. 44 illus. 502 pp. crown 8vo. 
(New York, 1908) net 

The Treatment of Septic Sewage. By G. \Y. 

Rafter. 137 pp. i8mo, boards. (New York, 
1904) .*! net 

Reports and Investigations on Sewer Air and ^ 

Sewer Ventilation. By R. H. Reeves. 8vo, sewed. 

(1894) 

The Law and Practice of Paving Private Street 
Works. By W. Spinks. Fourth edition, 256 pp. 
8vo. (1904) net 


STRUCTURAL DESIGN. 

(See Bridges and Roofs.) 


TELEGRAPH CODES. 


New Business Code. 320 pp. narrow 8vo. (Size 
4} in. by Tf in. and J in. thick, and weight 10 oz.) 
{New York, 1909) ntt 

Miners’ and Smelters’ Code (formerly issued as 

the Master Telegraph Code). 448 pp- 8^0, 
limp leather, wtignt 14 oz. {New York, 1899) > 
* net 

Billionaire Phrase Code, containing over two mil- 
lion ■ sentences coded in single words. 56 pp. 
8vo, leather. * ,(New York^ lOOS) net 
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.WARMrNG AND YERTILATIOH. 

Heat for Engineers. By C. R. Darling, ho illus. 
430 pp. 8vo. (Finsbury Technical Manual.) 
(i908) net 

Hot Water Supply. By F. Dye. Fifth edition, 
48 illus. 86 pp. crown 8vo. (1902) ... mi 

A Practi^l Treatise upon Steam Heating. By 

• F. Dye. 129 illus. 24^ pp. demy 8vo. (1901) net 

Practical Treatise on Warming Buildings by 
Hot Water. By F. Dye. 192 illus. 319 pp. 
8vo. cloth. {1905) net 

Charts for Low Pressure Steam Heating. By 

J. H. Kinealy. Small folio. {New York) 

Formulse and Tables for Heating. By J. H. 

Kinealy. i 8 illus. 53 pp. 8vo. {New York, 1899) 

Mechanics of Ventilation. By G. W. Rafter. 
Second edition, i8mo, boards. {New York, 1896) 

net 

Principles of Heating. By W. G. Snow. 62 illus. 

161 pp. 8vo. {New York, 1907) net 

Furnace Heating. By W. G. Snow. Fourth edition, 
52 illus. 2i6 pp. 8vo. {New York, 1909) ... net 

Ventilation of Buildings. By W. G. Snow and T. 
Nolan. 83 pp. 181110, boards. {New York, 1906) 

net 

Heating Engineers’ Quantities. By W. L. White 
and G. M. White. 4 plates, 33 pp. folio. {1910) 

net 


WATER SUPPLY. 

(Sw also Hydraulics.) 

Potable Water and Methods of Testing? Im- 
purities. By M. N. Baker. 97 pp. ^Smo, 
boards. {New York, 1906) , nel 

Manual of Hydrology. By N. Beardmore.* New 
impression, 18 plates, 384 pp. 8vo. (1906) net 
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Boiler W^pters, Scale, Corrosion and Foul/ng. By 
W. W. Qhristie. 77 illus. 235 pj*». 8vo, cloth.* 

' (New Yothy 1907) ... ... ' ... net 

Wgter Softening and Purification. By H. Collet. 
Second edition, 6 illus. 170pp. crown 8vo. (1908) 

net 

Treatise on Water Supply, Drainage and Sanitary 
Appliances of Residences. By F. Colyer. too 
pp. crown 8vo. (1899) net 

Report on the Investigations inter the Purifica- 
tion of the Ohio River Water at Louisville, 
Kentucky. By G. W. Fuller. 8 plates, 4to, 
cloth. (New York^ 1898) 

Purification of Public Water Supplies. By J. W. 

Hill. 314 pp. 8vo. (New York, 1898) 

Well Boring for Water, Brine and Oil. By C. Isler. 
Second edition, 105 illus. 296 pp. 8vo. (1911) net 

Method of Measuring Liquids Flowing through 
Pipes by means of Meters of Small Calibre. 

By Prof. G. Lange, i plate, 16 pp. 8vo, sewed 

net 

On Artificial Underground Water. By G. 

Richert. 16 illus. 33 pp. 8vo, sewed. (1900) 

net 

Notes on Water Supply in new Countries. By F. 
W. Stone. 18 plates, 42 pp. crown 8vo. (1888) 

The Principles of Waterworks Engineering. 

By J. H. T. Tudsbery and A. W. Brightmore. 
Third edition, 13 folding plates, 130 illus. 447 pp. 
demy 8vo. (1906) net 

WORKSHOP PRACTICE. 

A Handbook for Apprenticed Machinists. By, 

0 . J. Beau. Second edition, 89 illus., 141 pp. 

, i‘6mo. (New York, 1901) ^ 

• • 

Biqrcle Repairing. By S. D. V. Burr, Sixth 
edition', 200 illus. 208 pp. 8vo. (New York, 1903) 

net 
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Practice of Hand Turning. By F.. Campi^. 

, Thircf edition, 99 iflus, 307 pp. crown 8vo. (188S) 

Calculation of Change Wheels for Screw Cutting 
on Lathes. By D. De Vries. 46 illus. 83 pp. 
8vo. [1908] net 

Milling Machines and Milling Practice. By 
D^de .Vries. With 536 illus. 464 pp. medium 
{I9t0) net 

' 

French-Polishers’ Manual. ByaFrench-Pohsher. 
31 jjp. royal 321110, sewed. (1902) ... net 

Art of Copper Smithing. By J. Fuller. Third 
edition, 475 illus. 325 pp. royal 8vo. [New York^ 
1901) ... net 

Saw Filing and Management of Saws. By R. 

Grimshaw. New edition, 81 illus. i6mo. (New 
York, 1906) net 

Paint and Colour Mixing. By A. S. Jennings. 
Fourth edition. 14 coloured plates, 190 pp. 8vo. 
(1910) net 

The Mechanician : a Treatise on the Construction 
and Manipulation of Tools. By C. Knight. 
Fifth edition, 96 plates, 397 pp. 4to. (1897) 

Turner’s and Fitter’s Pocket Book. By J. La 

Nicca. i8mo, sewed 

Tables for Engineers and Mechanics, giving the 
values of the different trains of wheels required to 
produce Screws of any pitch. By Lord Lindsay. 
Second edition, royal 8vo, oblong 

Screw<utting Tables. By W. A. Martin. Seventh 
editton, royal 8vo, oblong 

Metal Plate Work, its Patterns and their Geometry, 
for the use of Tin, Iron and Zinc Plate Workers. 
By C. T.* Millis. Fourth edition, 280 diagrams, 
^70 pp. crownl8vo. (1906),,* ... 
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Engineer?* and General Smiths* Work, The 

smith and forgeman’s handbook' of practical 
' smithing' and forging. T. Moore.' 401 illus. 
248 pp. crown 8vo. (1906) net 

Modern Machine Shop Construction, equipment 
and management. By 0. E. Perrigo. 20S illus. 
343 pp. crown 4to. {New York, 1906) ... net 

Tumer*s Handbook on Screw-cutting, Coning*, 
etc. By W. Price. Fcap.;8vo 

Introduction to Eccentric Spiral Turning. By 

H. C. Robinson. 12 plates, 23 illus. 48 pp. 8vo. ^ 
(1906) net 

Manual of Instruction in Hard Soldering. By 

H. Rowell. Sixth edition, 7 illus. 66 pp. crown 
8vo. (New York, 1910) net 

Pocket Book on Boilermaking, Shipbuilding, and 

the Steel and Iron Trades in General, By M. ]. 
Sexton. Sixth edition, 85 illus. 319 pp. royal 
32mo, roan, gilt edges. (1909) net 

Power and its Transmission. A Practical Hand- 
book for the Factory and Works Manager. By 
T. A. Smith. 76 pp. fcap. 8vo. (1910 ) ... net 

Spons* Mechanics’ Own Book: A Manual for 
Handicraftsmen and Amateurs. Sixth edition, 

1430 illus. 720 pp. demy 8vo. (190S) 

Ditto ditto half French morocco 

Spons* Workshop Receipts for Manufacturers, 

, Mechanics and Scientific Amateurs. New 

and thoroughly revised edition, crown 8vo. 

(1909) each net 

Vol. I. Acetylene Lighting to Drying. 
•223 illus. 532 pp. 

VoL IF. Dyeing to Japanning. 259 illus. 
^40 pp. 

Vol iri. Jointing Pipes to Pumps. 257 
illus. 528 pp. 

Vol.‘ IV. * Rainwater Separators to Wire 
Ropes. 321 illus. 540 pp. 
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Gauges St a Glanoe. By T. Taylor.* Second 
edition, post 8\o, oblong, with tape converter. 

( 1900 ) net 5 o 

Simple Soldering, both Hard and Soft. 'By E. 

Thatcher. 52 illus. 76 pp. crown 8vo, limp. 

(S. & C. Series, No. 18.) (Neiv York, 1910 ) net i 6 

The Modeni Machinist. By J. T. Usher. Fifth 
edition. 257 illus. 322 pp. 8vo. {New York, 1904 ) 

net 10 6 

Practical Wood Carving. By C. J. Woodsend. 

loS^llus. 86 pp. 8vo. (New York, 1897 ) ... net 4 6 

American Tool Making and Inteithangeable Manu- 
facturing. By J. W. Woodworth. 600 illus. 

544 pp. demy 8vo. (New York, 1905 ) ... net 17 0 


USEFUL TABLES. 

Weights and Measurements of Sheet Lead. 

By J. Alexander. 32mo, roan ... ... net 1 6 

Tables of Parabolic Curves for the use of Railway 
Engineers and others. By G. T. Allen. Fcap. 
i6mo 4 o 

Barlow’s Tables of Squares, Cubes, Square Roots, 

Cube Roots and Reciprocals. Crown 8vo, leather 

cloth net 40 

Tables of Squares. By E. E. Buchanan. Ninth 

edition, i2mo nei 46 

Land Area Computation made Easy. By W. 

CoDD. Tables on sheet and explanatory pamphlet, 

in envelope. ( 1910 ) net i 6 

# • % 

Tables' for Setting out Curves from loi to *5000 
feet radius. • By H. A. Cutler and F. J. Bdge. 

Royal * ^ 

Transition Curves. By W. G. Fox. i8mo, boards. 

(New York) 
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The ^oarneJ' of the Iroti aii^. Steel In^Jltute. 

Edited by G. C. Lloyd, Sfcretary. 

Published Half-yearly, 8vo, cloth, i6s. mt, 


The Jonpiml of the Institution of Blectrio^ 
Engineers. 

Edited by P. F. Rowell, Secretary. 


The Proceedings of the Institution of Mitoioii^ 
and County Engineers. 

Edited by Thomas Cole, Assoc. M. Inst. C.E. Sawtaiy. J^ 
Published Annually, 8vo, cloth, 211. 


The Transactions of the Institution of Mining and 
Metallurgy. 

Edited by C. McDermid, Secretary. 

Published Annually, boards, 21*. net, or^ half-bound, sjs. ^ 

Transactions of the Institution of Gas EnginMM. 

Edited by Walter T. Dunn, Seeretdty. r 

Published Annually, 8vo, cloth. To*. 6d,.)iei 


A Proceedings of the International ieeoBlatifflS 
for Testing Materials. 

(English Edition.) 
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JOVN Ji GRIFFIN & SPNS, 

‘ LIlilTED. 

Lal^oTjRcA’y Benched and Apparatus, Measuring Tools, 
Stands j;for Retorts, Burettes, Funnels, T^f-TubesJ, 

; LaboVato^ Motors, /balances and Weights, 

\it Puiti^and Accessories, Cpubibles, 

Specific Gravity Apparatus, 

Drying Apparatus, 

Furnax^es and Burners, Evaporating Basins, Rubber Goods, 
Filtg^ing and Extraction Apparatus, Calorimeters, 
Thermometers, Hygrometers and Pyrometers, 

Gas Generating and Washing Apparatus, 

Glass Flasks, Beakers, Jars, Bottles, 

Distilling Apparatus. 

Electric Batteries and Apparatus for Electrolysis, 
Apparatus for Determining Molecular Weights, 
Referees^ Gas Analysing Apparatus. 

Hofmann’s Lecture Apparatus. 

Apparatus for Gas Analysis. 

Apparatus for Oil Testing. 
Saccharimeters, Polarimeters and Microscopes. 
Apparatus for 

Volumetric Analysis, Cement Testing, Steel Testing, 
Water, Milk, and Urine Analysis, Blowpipe 
Analysis, Arsenic Testing. 

^feJfinelh & Sets of Apparatus- Minerals, Fossils & Crystals. 
Chemicals and Reagents. 
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